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FOREWORD

This report was submittea by Thiokol/Wasatch Division, P.O. Box 524, Brigham
City, Utah 84302 under Contract F04611-81-C-0001, Job Order No. 305909PH, with
the Air Force Rocket Propulsion Laboratory, Edwards AFB, California 93523.
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The program was performed at Thiokol/Wasatch Division, a Division of Thiokol
Corporation, at Brigham City, Utah. ‘Mr E. E. Brown was Principal Investigator.
Program Management and Project Engineering support were provided by
Mr G. Larry Hales and Mr Ralph-H. Davis, respectively. Other contributors to the
program included: Messrs K. B. Reynolds, M. J. Mcintosh, J. L. Stroup, “
H. Feldman, M. Perez, C. A. Praggastis, R. N. Ord, R. M. Becker, F. E. Wolcott, )
g. l;f Hyland, Dr R, C. Anderson and Ms L. L. Biegert, members of the Technical ‘
taff.
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This technical raport is approved for release and distribution in accordance with
the distribution statement on the cover-and on the DD Form 1473.
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THOMAS KINSEL ARNOLD M. CRELIER, Major, USA

Program Manager Chief, Ballistic Missile and Space
Propulsion Branch
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1.0 INTRODUCTION
1.1 PROGRAM OBJECTIVE

The objective of this program was to develop safe, cost effective proc-
ess technologies for salvaging and recycling composite cases from golid pro-
pellant rocket motors ranging in size from 4,000 to 200,000 1b and containing
Class 1.3 or 1.1 propellant.

1.2 SCOPE

This program consisted of four phases conducted during a 15 month tech-
nical effort followed by a 3 month final report period. The four phases
were: (1) Technology Assessment, (2) Feasibility and Cost Studies, (3)
Laboratory Studies, and (4) A Demonstration Program Plan.

During Phase I, a literature search was conducted to determine the cur-
rent state~of-the—art of processing methods applicable to case salvage.
Primary emphasis was upon methods of propellant and insulation removal, pro-
pellant waste disposal, and refurbishment cf the case after propellant/liner/
insulation removal. Literature on associasved technologies which could apply

to the case salvage operation was also accumulated.

The objective of Phase II was ‘to evaluate the feasibility of reclaiming
composite cases using the technology identified in Phase I and determining
the cost effectiveness versus the manufacture of new cases, Additional
sources of input included (1) the existing Thiokol propulsion cost data and
estimating model, (2) cost history of new case manufacture based on Thiokol's
experience in composite case manufacture, and (3) cost data and processing

experience from Thiokol's Minuteman III Stage III Case Salvage Test Program.

The Phase III laboratory studies consisted of propellant removal test-
ing, insulation removal and reinstallation testing, and case structural test-
ing. Special emphasis was placed upon testing solvents to degrade or desen-
gitize the propellant for propellant removal and to determine thé effect of

the solvent on the insulation and case materials,
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hase IV program plan development consisted of ocutlining a follow-on
T
-
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and III using three Government-furnished Minuteman III Stage III motors.

program to demonstrate the salvaging techniques selected from Phases
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The program plan was generalized to include utilizetion of MX Stage I,
II, or I1J motors should they become available,

1.3 BACKGROUND

The practice of salvaging metal cases from defective or decommissioned
solid pro?ellant rocket motors for reloading has proven to be cost effective
without degrading case reliability. In one of the earlier programs, Thiokol
reclaimed Minuteman I Stage I case/closure asgsemblies for reuse in Minuteman
II and III Stage I motors at a substantial cost savings for the Minuteman
weapon system. A high pressure water washout facility was built for removal
of the propellant, liner, and insulation by the hydromining method. This
process has been modified- and adapted for reclamation of metal cases from
several differcnt sized solid gbcket—mptors.. In addition, several composite
cases have been successfully salvaged during -development programs by applying
the hydromining mzthod. -Results of these experiences, summarized in Table I,
ghowed that composite caseg could he reclaimed: undamaged- when -the insulation

was left intact in the motor.

The increased cost of filament wound structures, coupled with the long
lead time for new cases, mzkes. case gsalvage an attractive alternative., Case
salvage has the potential for reducing cost and schedule lead time during
development programs, including MX and space programs, by -allowing rapid,
low-cost salvage and reloading of reject motors. Case salvage also has po-
tential savings of reduced cocgt for retrofit of motors from existing weapons

systems.
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SUMMARY OF THIOKOL'S MOTOR RECLAMATION PROGRAMS SHOWING PROPELLANT

TABLE 1

REMOVAL METHONS USED AND THE NUMBER OF CASES SALVAGED

A. Thiokol Propellant Hydromining Experience

Motor

Minuteman Stg I
Bomarc

Castor IV
Subroc

Genie

Other

Composite Cases

Poseidon
Trident-I
Zrident-II
Minuteman Stg IIL

Propellant No.
(wt) Salvaged
44,000 320
3,000 22
21,000 16
2,000 320
320 2,321
to 8,000 14
38,000 1
41,500 1
18,450 1
7,000 2

B. Thiokol Propellant Machining Experience**

Motor

120 In. Motor

156 In. Motor
‘Minuteman Stg I
Trident-I

Genie

Star Space Motore

*Class 1.1 propellant

Propellant No.
Removed (wt) Machined
10,300 1
23,400 1
400 2,973
210 203*
9 5,679
50 . 300

‘“**Total propellant machined 1,337,000 1b
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2.0 DISCUSSION
2,1 PHASE I - LITERATURE SEARCH AND TECHNOLOGY ASSESSMENT

The specific areas of search for applicable technology included:

1. A review of propellant chemistry and propellant or
ingredient degradation or desensitization using
solvents and/or reagents

2, Physical methods of propellant removal

3. Waste propellant disposal methods

4, 1Insulation removal and replacement technology

5. Cage structural considerations

A summary of the results follows. A more detailid discussion of the
results is presented in Part II, Appendix A with listings and abstracts of
applicable articles.

2.1.1 Propellant Grain Degradation Using Solvents and/or Reagents

A literature search was conducted using the following:
Identifiers and Combinations of Key Words

Polymer Urethane Hydrolysis
Rubber plus Polyester plus Degradation
Elastomer Polyether Cleavage
' Recycling
Reclamacion
Solvolysis
Also:
Salvage Rubber
Reclamation Elastomers
Degradation plus Solid Propellants
Machining Nitroglycerine
Disposal Explosive Materials

A total of 1,118 initial leads was obtained. From the review of the
abstracts, 252 references were judged to be potemtially applicable. Of

these, only 18 were directly applicable to propellant degradation.

Utilization of solvents to degrade the propellant is applicable (1) to
gsoften or degrade the propellant and facilitate the removal from the case and

et b s

i




(2) to degrade the propellant for recovery of the ingredients as an
alternate to incineration for waste disposal.

Although degradation of propellant grains to facilitate removal has not

been studied in detail (most of the work has been directed toward ingredient

recovery), there was ample information in the 1i{ :rature to substantiate

further efforts. The major items to be defined during Phase XII were deter-
mined to be (1) the rate, of degradation of propellant grains, (2) the perme-
ebility of the propellant to solvents/reagents, and (3) the compatibility of
propellant constituents with the aolvent/rgggents under the conditions used

during removal processes.,
2.1,2 Physical Methods of Propellant Removal

The literature search did not reveal any rew or unusual methods of pro-
pellant removal. The two most feasible methods for propeliant removal appar-

ently are hydromining and machining.

During the literature search of propellant removal and waste disposal,
1,187 publications were listed in computer-based searches. Of these, 217
publications were judged to be apparently relevant and were reviewed. Only
52 of the above articles were judged to be directly applicable. The most
pertinent abstracts, along with a discussion of historical application of
hydromining and machining, are presented in Part II, Appendix A.

2.1.3 Waste Disposal

The abundant publications on waste propellant and explosive disposal
indicate the concern for development of suitable methods of disposal. At the

present time, the state-of-the-~art method is open-pit incineration. Limited

data on pilot plants for closed incineration processes, utilizing rotary
kilns, fluidized beds, and wet air-oxidation are available. Other methods
for dispcsal such as utilization of prSpellancs as explosives and reclamation
of ingredients are in experimental stages only. Cost evaluations for .any

method other than open~air incineration are limited to estimations,

Summaries of discussions with knowledgeable people in the industry are
presented in Part II, Appendix A with abstracts and lists of articles and
publications that were judged to be pertinent.

o~



2.1.4 1Insulation Removal and Replacement Techniques

A considerable amount of literature is pertinent to insulation removal
and replacement. These articles are primarily concerned with repair opera~
tions; however, the techniques used and results obtained are directly appli-
cable to case salvage operations.

Articles reviewed support the Thiokol position that removal of the flaps
and liner and replacement of the flaps are low risk, low cost procedures.
These operations have been verified in new case manufacturing operation.
Removal of structural insulation, particularly in the dome areas and around

polar bosses, was not recommended.

A discussion of the methods of rework pertaining to insulation -removal
and replacement is presented in Part 1I, Appendix A. Lists of pertinent

references and abstracts are included.
2.1.5 Case Structural Considerations -

Most of the literature concerning case structural integrity was con-
cerned with testing of new cases and the effects of aging during storage.
The two references given in Part II, Appendix A, page A-73, were judged to be
the most useful. A discussion of case design and fabrication technology is
included in Part II, Appendix A. Results of Thiokol studies on effects of
solvents or water on the resin, fiber damage, composite.-contamination, -and

multiproof testing are discussed.

Twenty-two references are listed in Part 1I, Appendix A which are perti-
mnent to the effect of fluid on .composite case properties., Results reported
are varied: some report the original strength of the case 1s regained if ‘the

moisture or solvent is removed; others report little or no recovery.

One of the unanswered questions of case reclamation concerns the effect
of the salvage processes on long~term aging of the salvaged case, The re-
sults of the LRSLA Program indicated that, although degradation of the burst
strengéh of Minuteman III cases due to moisture may be reversible when dried
out, other effects of aging may be sufficiently detrimentai to make question-

able the salvage of cases from stored motors.

Twelve references, listed in Part II, Appendix A, describe effects of

fracture, fatigue, and general accumulated damage of composite cases.
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In composites, a wider range of initial flaws is found than in metals.

The proof test itself is known to have potential for dagage of the composite
case although tests have indicated little loss of strength in low cycle
applications where the applied stress level was kept below 80% of the static
strength,

In summary, a tremendous amount of literature is available which applies
to the question of composite case degradation. The following literature
searches were reviewed:

1.  NASA Literature Search Number 32359, "Environmen-
tal Effects on Filament Wound Structures,” 17 May
1976 ~ 89 articles

2, TRW Literature Search, "Aging of Glass Reinforced
Plastics,” Part of LRSLA Program - 3i extended
abstracts ‘

3. Phase I, Technology Assessment, CDRL Item 4, Con-
tract No. F~4611-79-C-0038, submitted to AFRPL by
Brunswick Corporation, 29 August 1980 ~ 238 ab-
stracts and summaries

4. Thiokol Technical Library Literature Search,
"Loading Mechanics, Damage Effects and Moisture
and Temperature Effects on Composite Pressure
Results and Rocket Motor Cases,” December 1980 -~
64 microfische, 102 reports

Se Computer Literature Search at LMSC, National Tech-
nical Information Service, "Effects of Environmen-
tal Conditions on Reinforced Plastics,"” March
1979 - 200 reports

6., Stage III Minuteman Fiberglass Aging Study, LRSLA
Program - 32 papers

2,2 PHASE II - FEASIBILITY AND. COST STUDIES
2.2.1 Objective

The basic purpose of Phase II was to develop a means of determining
whether composite case salvage is .an attractive, cost-effective alternative

to new case fabrication.

11
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The banfc goals were to:
1. Establish parametric¢ cost equations
2. Establish cost screening parameters
3. Establish cost equation coefficients
4, Computerize a model that predicts the case salvage

costs and the new case costs for compariscn

Items to be built into the model included:

1. Learning curve adjustments

2. Production sensitivities pertaining to:
a., Quantities
b. Rates of production
cs Scheduling

3. Tooling, facility, and testing modifiers

4., Propellant hazard sensitivities

5. Motor size sensitivity

6. Methods of processing selected for propellant and
insulation removal, waste disposal, and level of

testing

2.2.2 New Case Costs

New case costs were developed by regressing costs for fabrication of
new cases with various motor parameters. The best regression curve fit was
obtained with the loaded grain weight (propellant, insulation, and case
weight) versus the labor and material costs. The results are shown in
Figure 1. The resultant equation is:

Case Cost = 17,483 + 3.675 (loaded chamber weight)

Deviations from this model can be expected due to factors which in-
crease the complexity of the case such as thrust terﬁination ports, multiple
nozzles, extreme changes in length to diameter ratios, and extremely high
operating pressures. As can be seen, it appears to 'be an extremely gcod

correlation for the motors for which data were available.
2.2.3 Salvaged Case Costs

A cost prediction model was developed for case salvage in which the

costs of various operations are calculated and the results are summed to

12
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Figure 1. New case cost (labor ‘and materials plus support)
versus loaded chamber weight
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determine the total cost of the salvage operation selected. The equa-
tions for estimating the costs of the various operations were based upon

historical data for performance of the same or a similar operation.

The possible combinations built into the program were too numerous to
possibly run all examples. The four levels of salvage operations were re-
moval of (1) propellant, (2) propellant and liner, (3) propellant, liner,
and insulation from the cylindrical section, and (4) propellant, liner, and
all insulation, Methods for propellant removal were: (1) high pressure
hydromining, (2) low pressure hydromining, (3) wet machining, (4) dry
machining, (5) chemical degradation with hydromining, (6) chemicsl degrada-
tion with machining, and (7) burnout. Insulation removal methods selected
were: (1) low pressure hydromining, (2) chemical degradation with hydromin-
ing, (3) chemical degradation with machining, (4) mechanical hiffing or
grinding, (5) manual buffing or grinding, and (6) heat and peel. Waste
disposal techniques were clasgified into four categories: (1) open pit in~
cineration, (2) closed process incineration, (3) ingredient reclamation, and

(4) marketing propellant as explosives, fire starters, etc.

Since facilities and tooling costs could vary considerably from company
to éompany depending upon existing facilities, the options available were:
(1) to cal:ulate costs excluding tooling and facilities, (2) to input tool-
ing and facility costs, or (3) to allow the program to compute tooling and
facility costs. The computed tooling and facility cost equations were de-
veloped based upon known costs of existing Thiokol facllities with power
exponents to adjust for motor size and a multiplier to allow for propellant

class,

The validity of the predictive value of the computer model was demon-
strated by comparing calculated costs versus actual costs tabulated during
the Thiokol Third Stage Minuteman III Program, as shown in Table I1. Costs
tabulated for the Minuteman III case were based on actual manhours accrued.
The methods of removal for the MM III tests were: propeilant by low pressure
hydromining, iiner by mechanical abrasion, and insulation by low pressure
hydromining. Waste disposal and in-process inspection were not accounted
for but were treated as overhead items. In the computed examples, no liner
removal cost is calculated for a level four salvage operation, as it is

assumed that the liner will be removed with the residual propallant or with

14
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SUMMARY OF COMPARISON OF MINUTEMAN III RESULTS

TABLE II

WITH CASE SALVAGE COST ESTIMATIONS

(Minuteman III Glass Case: Propellant Weight = 7,298 1b;

Area = 38,7 ftz; Class 1.3 Propellant; Single Motor 3alvage Operation)

Task

Salvage Level
Method of Removal
A, Propellant, Bulk
B. Propellant, Residual
C. Liner
D. Insulation, Cylindrical
E. Insulation, Dome

Receiving and Handling

Inspection - In-process
Inspection ~ Final
Qualification Program
Reinstallation of Insulation
Waste Disposal

Cost Per Unit (1981 dollars)

‘at 1 Per Month

New Case Cost (1981 dollars)
at 1 Per Month

Difference (new - salvage),

(1981 dollars) at 1 Per Month

Notes

Minuteman IXIl Estimated Salva:ggCosc2

4 4 2

12,680 9,917 9,917

—~— 2,606 2,606

2,923 - — 2,478
3,553 2,779 -
-— 1,040 -~

420 645 323

Q 4,807 3,965

2,8953 6,761 6,761

0 0 0

4,591 5,143 5,143

0 722 722

33,800 31,900

45,800 45,800

12,000 13,900 ‘

1. Costs based on actual manhours charged
2. Includes estimated labor, materials, and support
3. Includes X-ray only; does not include hydrotest

15
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the insulation. A level two salvage indicated only propellant and liner
§ were removed; hence, there is no insulation removal cost. Reinsulation .
B

g costs probably should be reduced but not eliminated since there would be

| minor repair and reinstallation of the flaps.

An example of the tabulation of cost estimation for various salvage
operations is shown in Figure 2. The numbers of the different removal

methods refer to methods listed in the preceding paragraphs and in Part II,
Appendix B, This figure demonstrates that the more important drivers for

{4

the salvage cost of a particular motor are: (1) the level of salvage to be
performed and (2) the method selected for propellant removal. Note that

these calculations are concerned only with the anticipated costs and dc not

reflect potential risk of damage to the case. Hence, as shown in Figure 2,
propellant removal method 7, burnout, may be more “cost effective"” than the
other methods, but the risk of damage to the case is judged to be too high

TP T
v A oo

to recommend this method. Calculations were made for motors -of different
] i sizes, and the results, presented in Figure 3, represent the approximate
: range of salvage coste for cases with Class 1.3 propellant as a function of

the motor size.

‘similar calculations were made for the same motcr with Class l.l pro-
pellant. The results of these calculations, shown in Figure 4, are compared

with the results for Class 1.3 propellant. The method for propellant remov-

al was hydromining. The new case cost is also plotted for comparison. The

results indicate that, generally, case salvage should be a profitable, cost-
effective operation provided that the reclaimed case is not damaged and is
suitable for reloading and fiual disposition.

2,2.4 Assessment of Kkisk

Several methods of assessing risk were examined to evaluate the feasi-
bility of a particular salvage operation and to compare one operation to
another to determine which may be more desirable. The method selected con-
sisted of assigning risk values for each removal technique. Factors which
were assigned risk values included hazard to personnel and facilities,
potential damage to the insulation and case, and the feasibility factors
defined as reloadability, effectiveness, and the confidence factor. Reload~
ability is defined as the confidence of having a reloadable case with no
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case-to~insulation debonding due to the operation., Effectiveness is the

capablility of the method to accomplish the operation completely in a single

step operation. The confidence factor is indicative of the state of devel-

opment of the technique.
low; hence, the risk value would be zero or near zero.

value of 10 indicated the methcd was not acceptable,
tabulated risk values for propellant removal is shown in Table IIXIX.

For a proven process or method, the risk would be
Assignment of a

An example of the
In

comparing two salvage operations, the operation which produced: the lower sum

of risk would be judged to be more désirable.

20
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2.3 PHASE III - LABORATORY STUDIES
2.3.1 Objective

The laboratory effort was designed to study and evaluate potentially
cost effective propellant removal methods applicable to salvege operations.

T
e e et et m e 2
) i e o gt £ T

Special emphasis was placed on determining the potential risks involved in
the processes, specifically (1) the hazards risk concerned with handling

1 Class 1.1 propellants during hydromining and machining and (2) the risk of

g . damage to motor components, case, and insulation, due to using solvents to

i facilitate propellant, liner, or insulation-removal operations.

2.3.2 Propellant Removal Methods

£ Hydromining. A total of 128 tests was conducted on six different types

of propellants. Three nozzles having throat diameters of 0.055, 0.085, and
0.125 1n, were -used. The smallest nozzle had an elongated converging section !
g(‘ which produced a very fine, pencil-lead-thick spray for a distance of several
; feet., The samples were uniformly placed 2 in. from the nozzle exit. Addi-

tional descriptions of the test and resulte are given in Part II, Appendix C.

§
The normal procedure was to increase the pressure incrementally at a i
given water temperature until the water cut through the 4-in. thick sample of ]
propellant. Each test consisted of a sweep period as the water jet was ro-
tated to cut across the propellant surface and a dwell period while the water
jet impinged at one point on the propellant. During the high pressure {
(10,000 psi), hot water (190°F) impact tests, a steel plate was placed behind

‘the carton to increase the severity of the test. " K

The results of the tests were as follows:
1. There was no indication of ignition at any of the 4
test conditions for eithexr Class 1.3 or Class 1,1l

PRV

propellant.

i 2. An increage in water temperature improved cutting
effectiveness for some propellants but had no,

) éffect on propeilants having hydroxy-terminated

polybutadiene (HTPB) binder systems (Figure 5).

s, 22
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3. The principal parameter affecting cutting rate was
the water pressure, The nozzle diameter also had
a measurable effect on cutting rate shown in Fig-
ure 6.

4, An indicator of the cutting rate can be deduced
from the hardness of the propellant. The softer
the propellant, as measured by Shore A hardness or
‘penetrometer measurements the deeper the cutting
depth (Figure 7).

-

Machining. The objectives of the machining tests were (1) to determine
whether Class 1.1 propellants could be machined at sufficiently high rates to
be economical and (2) to attempt to correlate cutting rates with the hazards

testing results and mechanical properties of the propellant.

An attempt was made to measure the temperature of the cutting tool or
the propellant during willing operations. These tests, described in more
detail in Part II, Appendix D, were not successful, A new cutting tool was
designeﬁ which greatly improved cutting efficiency over th. previously used
tools, and no measurable temperature increase occurred during the cutting

tests.

The results indicated that either wet or dry machitniing is a viable
method for removal of propellant from the case. Due to the increased safety
which wet machining affords, wet machining must be the preferred method.
Limitations for removal of all of the propellant are (1) the eccentricity of
the case, (2) protrusion of insulation into the propellant as occués at the
bulb or the flap bondline, and (3) the ability to control the cutting tool to

a sufficient tolerance as the length of the shaft is increased.

Hazards analysis methods, described in Part II, Appendix C, exist for
analyzing the machining operation and minimizing the possibility of ignition
of the propellant during machining.

Burnout Method. The objective of this evaluation was to determine the

risk and potential damage to the case which would be expected if the propel-

lant were burned, at reduced pressures, from the case.

24
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A computerized heat~transfer analysis of two motors, the Minuteman III
Stage III and the MX Stage I motors, was conducted. In both motors, tempera-
tures at the case/insulation interface were predicted which were unacceptably
high. In addition, both motors have experienced accumulations of slag (alu-
ninum oxide) in the motor which greatly increase the char of the insulation
and the potential for damage to the case. Reduction of pressure during fir-
ing extends the burn time and increases the amount of slag deposition.

It was concluded that the burnout method would not be feasible except in
special circumstances, such as when the motor is specifically designed with

extra insulation to prohibit damage to the -case.

Solvent'ngg;adation of the Propellant. The objectives of the tests of

solvents to degrade or desensitize propellants were to determine: (1) whether
solvents could facilitate the removal of propellant and improve safety and
(2) whether degradation of the propellant with solvents could be integrated
into a waste disposal scheme of ingredients recovery. A secondary objective
was the determination of the effects of solvents on the other components of
the movor. If either of the above objectives were to be applicable, the
potential effects of the solvents upon the case materials or the insulation
must be identified and, if detrimental, eliminated.

Twenty-eight solvents were selected for testing with six propellants for
degradation and/or desensitization. For each propellant, there were several
solvents which softened and degraded the propellant and, therefore, could
possibly be useful in developing an ingredient recovery scheme for disposal
of the waste. One interesting outcome of the test was that the residue re-
maining after leaching with solvents was as sensitive and, in some cases,
more sensitive and, hence, more potentially hazardous than the cured propel-
lant, '

2.3.3 The Effect of Solvents on the Propellant/Liner Bond Strength

Tests were conducted on three liner bond systems used in the MX Stage I,
Minuteman III Stage III, and First Stage C-4 motors, The C~4 system was
selected because of availability and the similarity of the propellant to the
MX Stage III propellant. Cyclohexane and ethyl acetate were selected as

solvents for this study.

27
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Bond specimens (90 deg peel and bond-in-tension) were fabricated with
insulation that had been exposed to the solvent for 24 hours. After expo-
sure, the insulation was prepared for lining as dictated by the pfoduction
process. Results of the tests, tabulated in Part II, Appendix C, show that

ro detrimental effect on the propeliant/liner/insulation system would be ex~ i
pected. i

2.3.4 The Effect of Solvents on the Insulation

If solvents were used during prcpellant removal, the insulation would be * '%
exposed to solvent and solvent vapors for an extended period. The objective
of these tests was‘to determine whether extended exposure would be detrimen- ‘$
tal to the insulation. ‘

Two insulations, EPDM~053A and V-45; were selected for testing due to
their usage in the MX and Minuteman III motors. Details of the tests per-
formed are given in Part II, Appendix C.

The results of the tests are summarized below:
1. Many of the solvents caused the propellant to
swell as the solvent was absorbed into the rubber.

2. Analysis of the material extracted from the insu~

il | 0w

lation showed that plasticizer (phthalates) was

removed by the solvents,

3. After reroval of the insulation from the solvent,
most returned to the original size and visibility
showed little or no effect.

4, Most of the solvents had no effect on the mechani~
cal properties of the insulation.

5, Most of the solvents migrated through the insula-
tion and caused debonding of the case/insulation

bond and attacked the resin systems of the case.

None of the tests was designed to show what, if any, long term effects
on the aging charxacteristics of the insulation could be expected. However; -2

the removal of the plasticizer would be expected to be deleterious.

28




2.3.5 The Effect of Solvents on the Case Materials

Testing of solvents upon the case materials was directed to determine

the extent of damage, if any, that might occur during gsolvent—aided propel-
lant removal operations.

ui The samples selected for testing included (1) sections cut from cases

- (2) NOL rings (for short shear beam specimens), (3) rheometric dynamic spec-
= troscopy (RDS) specimens, and (4) 5.75 in. bottles. Details of the tests g
performed and the results are given in Part II, Appendix C. 1

The summarized results are:

1. Most of the solvents produced dehonding of the
insulation from the case in the screening tests
conducted with case sections. )

2, Most of the solvents significantly reduced the
ultimate stress values produced in the short shear
bean tests of the Kevlar-49 sample. Only methy-
lene chloride and chloroform significantly affect-—
ed the Glass S901 samples. Testing of the RDS

samples confirmed these results, )
3., Solvent migration through the insulation of the
5.75 in. bottles resulted in lower hydroburst

pressures or so much damage that testing was not
possible.

2.3.6 Insulatiou Removal

] Hydromining. It was concluded from technology reported in literature and
| from results of the Minuteman III Program that removal of the insulation by
hydromining, except the flaps, was a high risk operation with respect to

damage to the case. It was determined that the insulation could be removed

J with 2,500 to 3,000 psia water pressure. Lower pressures did not cut the

rubber whereas higher pressures produced excessive damage of the casé fibers.

With Kelvar cases, severe delamination occurred at all pressures, totally

eliminating hydromining as a method of removing insulation from Kevlar cases. =

The effect of the water temperature on the pressure needed for removal was
not determined.
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The objective of the Phase III tests was to attempt to characterize
conditions which could cause damage to the two insulations of interest on

the case structures.

The results tabulated in Part II, Appendix C show that some damage could
occur to the insulation at low pressures, 500 to 1,000 psi, if the jet was
allowed to dwell too long in one place. It was concluded that hot water,
low preseure hydromining could be conducted in a wmanner which would minimize
the potential to damage the insulation. Hydromining was not recommended for
insulation removal since pressures which remove the insulation also tend to

damage the case fibers (glass cases) or, with Kevlar, water caused severe
delamination,

2.3.7 Reinsulation

Since complete removal of the insulation is not recommended, the rein-
sulation operations consist of replacement of the flaps and repair of damaged
insulation. Both of these operations are performed in new case manufacture
and do. not constitute new ‘technology.

The objective -of the tests performed was to determine how the applica-
tion of heat and solvents to the insulation would affect the bonding of new
rubber to the existing insulation.

The results of the studies, detailed in Part II, Appendix C, show that,
when rubber from a fired motor was bonded to new rubber, the new bond was

adequate. Fallures of the samples generally appeared to be in the ply bond
of the .new rubber.

The effect of the solvents on the rubber-to~rubber bond strength was
varied. With either EPDM-053A or V-45 rubber, some solvents produced higher
bond strengths and some lower than the control samples which had not been
subjected to solvent exposure. Long term effects of the solvents on the bond

strength were not investigated,
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2.4 PHASE IV - PROGRAM PLAN DEVELOPMENT

The objective of Phase IV was to outline a follow-on. program to demon-
strate the salvage techniques selected from Phases I, II, and III using
three, government-furnished, Minuteman III Stage III motors.

Becduse the MX program is an ongoing program which may benefit from the
case salvage procedures that have been developed, salvage of MX motors was
also included in the follow-on plan.

The program plan, submitted for Phase. IV, 18 included in this report as
Part II, Appendix D. This plan outlines a brogranrto salvage three Minuteman
III Stage III motors to demonstrate processing techniques for Class 1.3 pro-
pellant, Salvage operations for MX Stage I and II motors are also included,
in the event that one of these motors should become available., ‘Salvage of
one Minuteman II Stage III motor is included to demonstrate salvage techni-
ques required for motors containing Class 1.1 propellant. Alternately, an MX
Stage III motor could be used, if available.
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3.0 CONCLUSIONS

Based upon the results of the Phase I, II, and III efforts, the follow-
ing conclusions were rL:de:

1. Existing technology for Class 1.3 propellant removal
developed for reclamation of stcel cases appears to
be applicable to the salvage of composite cases. -

2. Salvage of composite cases from solid propellant
rocket motors in existing weapons systems is ques—
tionable due to unansw2red questions regarding the
long term aging effects on the case structural sys-
tem. Also unanswered are the possible long term
aging effects which could result due to the salvage
operatious.

3. Methods of salvage of cases from motors containing
Class 1.1 propellant are unproven; however, problems
associated with Class 1.1 propellant do not appear to
be insurmountable.

4. Saivage of composite cases from motors containing
Class 1.3 propellant appears to be cost effective,
particularly for large chambers., For motors contain-
ing Class 1.1 propellant, the estimated cost savings
are marginal even for large motors,

5. The preferred methods for propellant removal are
hydromining and machining. Utilization of solvents
to soften the propellant is not recommended due to
the increased probability tc damage the case, The
burnout method appears not to be feasible due to
predicted high temperatures at the case/insulation
interface.

6. Removal of flaps and reinstallation appears feasible
and should be planned for.

7. Removal of structural insulation is a high risk oper-
ation with high probability of damaging the case.

8. Utilization of solvents to scften the propellant or
swell the insulation for removal would probably cause
damage to the case by weakening the resin systems,
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9. Reclamation of ingredients from waste propellant
appears to be feasible: however, marketability of the

reclaimed ingredients is the primary concern.

Lt
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4.0 RECOMMENDATIONS
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o s " ¥

1. A follow-on program, outlined in Phase IV, to salvage
composite cases should be funded to verify the tech-

Al

nology and cost model developed in this program.

T——
e S i ot e . o o n

2, Motors from existing weapons systems should be in-~
cluded to include & determination of the effect of
1 . the salvage operation on long term aging.

i~

= 3. Salvage of at least one motor containing Class 1.l s
propellant should be planned to provide a better data

o base for predicting salvage costs and to confirm

recommended operational procedures.

man

4. For salvage of motors containing Class 1.l propel-
lants, remote operations and utilization of high-

T L PR

hazard, expendable facilities and tooling are recom~

- ——

mnded .
5. Utilization of organic solvents for propellant or

T e

insulation removal should be minimized due to the
: deleterious effects the solvents produce in the case

< resin systenms,

Hl
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SUMMARY

This is the first report on the program from the Develop-
ment of Composite Case Salvage Procedures, AFRPL Contract
F04611-81-C-0001. The major portion of Phase I, Technical
Assessment, has been completed. A continuing low level effort
will proceed through Phases II and III. The overall program is
outlined to develop safe, cost effective procedures to remove
Class 1.1 and Class 1.3 propellants from solid rocket motors.
The program includes a 15-month technical effort followed by a
3 month final report cycle and is divided into the following
four phases, each having a separate objective: ’

I. Technology Assessment

I1. Feasibility and Cost Studies
III. Laboratory Studies

IV. Demonstration Program Plan’

Phagse I was initiated with a review of literature. These
reviews included:

1. The review of literature for propellant
grain degradation using solvents and/or
reagents.

2. The current state~of-the-art of the phys-
ical removal techniques.

3. Waste propellant disposal methods.

4. Insulation removal and replacement tech-
niques,

5. The effects that propellant removal and
insulation removal and replacement may
have upon the composite rocket motor
structure system. '

Propellant Grain Degradation Using Solvents and/or Reagents

The literature review on methods to degrade the propellant
polymer systems indicated a number of solvents and reagents
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that could be used to destroy the structural capability of the
various binder systems. Many of the candidates require further
study to determine the degradation rates, the permeability of
the solvent and chemicals into the propellant grains and the
compatibility of the solvents or reagents with the propellants.
Since propellant grain degradation by chemicals is a unique
process, several areas have since been found to hold some prom-

ise and further '.. ‘ature research is required. Investigation
in these areas is continuing. ~

Physical Method of Propellant Removal Techniques

In the area of physically removing the propellant from the
rocket motor cases, the state-of-the-~art that is the most ad-
vanced is the hydromining and the mechanical cutting removal
techniques. Several facilities and plantsites are found to
exercise this capability. Thiokol Corporation probably has the
largest hydromining facilities for propellant removal. Hercu-
les Incorporated is most knowledgeable in machining propellants
that contain liquid explosives such as nitroglycerin. BAerojet
has limited facilities for hydromining and is currently devel-
oping new hydromining facilities. The NOS has conducted many
studies and has built pilot plants for hydromining rocket motor
propellants. NOS sublet a contract to Thiokol to help them
design an advanced hydromining facility. The only reference
for hydromining® double base rocket motor propellant stems from
an English report, the IMI Limited, Summerfield Reséargh Sta-
tion at Kiddermunster, Great Britain, wherein a fire caused by
the high pressure jet action on nitroglycerin pockets in rocket
motor grains destroyed their facility. Additional work for
hydromining propellants that contain liquid explosives needs to

- be thoroughly examined.

. .
Waste Propellant Digposgal Technigues

The propellant disposal techniques, as presently practiced
throughout industry for explosive Class 1.1 and 1.3 materials,
is limited to open air burning. Less than 1% of all of the

A-7




hazardous explosive materials are disposed of with other proc-
esses. The Army plant at Radford, Virginia, cpsrated by Her-
cules and the Army plant at Tooele Ordnance Depot each have
rotary kiln explosive and propellant disposal incinerators.

The unit at Radford is a firebrick-ceramic lined rotary kiln
while the unit at Tooele Ordnance Depot is a 3-in. thick steel
rotary kiln, sometimes referred to as a popping furnace. The
Army Depot at Dover (ARRADCOM) has experimented with fluidized
bed incinerators and presently a contract is being considered at
the Tooele Ordnance Depot to further evaluate fluidized bed
incineration of propellants and explosives. A third experi-
mental method of disposing of propellants and explosives is the
NOS Indian Head wet air oxidation method where high pressure,
high temperature steam is used to decompose the organic sys-
tems.

Both Thiockol/Wasatch and the Army plant at Radford are
entertaining the idea of selling their waste explosive mate-
rials to blaéting companies. Radford finds an interest through
blasting companies who supply blasting compounds to the coal
mines. Thiokol is finding an interest from suppliers who sup~-
ply blasting compounds to the mining industry.

Insulation Removal and Replacement Technique

Insulation removal and replacement technology has been
limited at the present time to repair techniques required dur-
ing the fabrication of insulated cases. Several large motors,
156 in. in diameter, have had massive amounts of insulation
removed due to unbonded conditions and replaced. The motors
fired successfully. The technology does exist for removing the
insulation from fiber composite rocket motor cases and replac-
ing it with newly fabricated insulation. Work is keing done in
this area at the present time at Thiokol/Wasatch in conjunction
with the Thiokol Corporation analysis of Minuteman Stage III
retrofit potentials.

.
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Case Structural Considerations

The composite rocket motor case structural system has been
extensively studied, Much information is available about the
different composite systems, their effects by moisture, their
effect by repeated loading and their design limitations. The
literature searcheés provide data regarding methods of analyzing
the systems to account for exposure and multiple loading.

CONCLUSIONS AND RECOMMENDATIONS
Propellant Grain Degradation Using Solvents and/or Reagents

Propellant removal needs to be further investigated to
determine the rates of removal, compatibility, and permeability
of the systems. The continuing teéhnology assessment effort
will be concentrated in this area.

Physical Method of Propellant Removal Techniques

The physical methods of propellant removal, hydromining
and machining, are at an advanced state-of-the-art position.
New methods to be coansidered at the present time include the
high temperature water to remove the propellant by hydromining
and high temperature water to remove certain types of rubber
insulation and to clean the case compositions. In mechanical
propellant cutting the major limigations at present are safety
and machine design. Other unique methods for propellant re-
moval such as burning the propellant from the case have been
used with limited success in the past.

Further studies in the physical methods for propellant
removal will be conducted in Phase III and be limited to the
high temperature water removal process, the hydromining evalua-
tions of nitroglycerin type (Class l.1l) propellants and paper
studies with regard to the removal of propellant by burning.




T

Waste Propellant Disposal Techniques

The propellant disposal state-~of~-the-art technology is
limited to open air burning. The only data available for other
methods of disposal are in the experimental and pilot plant
3 stage. Cost evaluations used from these experimental methods
o of disposal will be pure estimates based upon knowledgeable
people's evaluation. It is recommended that studies above and
beyond the scope of this program be initiated to provide
feasible alternatives to open air burning.

Insulation Removal and Replacement Techniques

Rt o
¥ . s
.

An application of current repair technology needs to be
extrapolated to rocket motor salvage and reconstruction meth-
ods. Additional assessment in this area will be continued.

i

v
*
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Case Structural Considerations

i Composite casé structural systems are well defined both
from an analytical and physical point of view. Methods of
analyzing the effects that propellant removal technologies and
insulation removal technologies have upon the case structural
system are sufficiently developed that design criteria and
testing criteria can presently be outlined. Feasibility and
cost effective propellant removal techniques need to be re-
viewed and tested to determine the effects on the composite
structural system. The effort will be accomplished in Phase

I1I.
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1.0 INTRODUCTION

The objective of the program for the Development of Compos-
ite Case Salvage Procedures, AFRPL Contract F04611-81-C-0001 is
to develop safe, cost-effective process technologies for sal-
vaging and recycling composite cases from solid propellant
rocket motors. The motors evaluated in this program study
range from 4,000 lbm to 200,000 lbm and are loaded with either
Class 1.1 or 1.3 propellant.

The program includes a 15-month technical effort followed
by a 3-month final report cycle. The program is divided into
. the following four phases, each having a separate objective:
I. Technology Assessment
I1. Feasibility and Cost Studies
III. Laboratory Studies
1V. Demonstration Program Plan

This report presents the status of the Phase I Technology
Assessment. The details of the literature search are presented
in the five sections described below.

td

e Section

= 2.0 Propellant Grain Degradation Using Sol-

5 vents and/or Reagents

3.0 Physical Method of Propellant Removal
Techniques

4.0 Waste Propellant Disposal Methods

5.0 Insulation Removal and Replacement Tech-
niques

P 6.0 Case Structural Considerations

§ In each section, the technology reviewed is presented with

f abstracts based upon the procedures and systems considered

; applicable to the development of composite case salvage proce-

dures. Each section also contains a summary of abstracts with

] applicable conclusions and recommendations.

i
-
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2.0 PROPELLANT GRAIN DEGRADATION USING SOLVENTS AND/OR

REAGENTS ’ T

Although- degradation of prcpellant grains using solverits
and/or chemical readgents has not been studied in great detail,
ample information is present in the literature to substantiate
the feasibility of this approach and to suggest efficient lines
of attack. Solvent swelling and extraction, hydrolysis using
inorganic acids or inorganic or tertiary amine bases, and
transesterification all appear promising candidates for
laboratory studies. The major unknown elements remaining to be

k-, defined include: (1) the rates of degradation of propellant
: f grains, (2) the permeability of propellant agrains to
i, solvents/reagents, and (3) the compatibility of grain
3 constituents with the solvents/reagents employed under the
| conditions used for removal. %
@ ' Solvent/reagent methods for removal of propellant grains

appear promising and should be thoroughly investigated.
Literature and technical assessment work will 'be continued,
particularly in areas where the chemistry shows additional

TR

i promise towards degrading polymer structures. The literature 4
| search conducted in this area is summarized in Tables 2-1 and
2"20

[}
v | o
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TABLE 2-~-2

IDENTIFIERS USED IN COMPUTER ASSISTED
LITERATURE SEARCHES

A, Matrix used for chemical abstracts search

Polymer Urethane Hydrolysis

Rubber plus Polyester plus Degradation

Elastomer Polyether Cleavage
Recyeling
Reclamation
Solvoly-~

B. For LMSC search

Salvage Rubber

Reclamation Elastomers
Degradation plus Solid Propellants
Machining Nitroglycerin
Disposal Explosive Materials

A~14
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2.1

ABSTRACTS AND BIBLIOGRAPHY OF DIRECTLY APPLICABLE
REFERENCES

Comparison of Some Soft Unplasticized Cast Polyurethane
Rubbers, ‘
G. B. Guise and G. C. Smith, J. Macromol. Sci., Chem.

1980, Al4(2), 213-32. (Eng)

Abstract: Hydrolysis, solvent swelling and
properties are discussed as functions

of composition, fillers, etc.

Magnetic Resonance Studies of Epoxy Resins and

Polyurethanes,
I. M. Brown, et al., Report, 1979, MDC-Q0673;

Order No. AD~A073590, 110 pp. (Eng)

Abstract: Proton NMR was used to investigate
hydrolysis. Poly(ester-urethane)
underwent hydrolysis and
"catastrophically depolymerized from
rubber solids to viscous liquids."

Kinetics of Hydrolytic Aging of Polyester Urethane
Elastomers,
D. W. Brown, R. G, Lowry and L. E. Smith,
‘Macromolecules, 1980, 13(2) 248-52. (Eng)

Abstract: Results from acid-~catalysis.
Equations are given as are rates

and activation energy.

Recycling of Thermoset Polyurethane Elastomers,
H. Ulrich, et al., J. Elastomers Plast., 1979,

ll, 208"'120

Abstract: Heating polymers with dipropylene
glycol gave degradation to homogen-

eous polyols.

The stability of Elastic Integral Polyurethane
Foams Toward Some Selected Organic Solvents,
K. J. Oder and B. Naber, Plaste Kautsch., 1980,

27(2), 88-90 (Ger)

Abstract Polyester-based polyurethane foams
are resistant to gasoline, diesel
fuel, C13CF, MeOH, EtOH and i-

Y
Fonm = oy

PrOH, but not o chlorinated

hydrocarbons, acetone, DMSO and DMF
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Biodegradation at Diisocyanate-Extended
Copolymers, M. M. Bitritto, et al., J. Appl.
Polym. Sci. Appl. Polym. Symp., 1975, 35, :
405-14 (Eng) i

Abstract: Aspergillus Nigar gave degradation.

Reclamation of Urethane Polymers, K. Hara and H.
Higaki (Asahi Chemical Industry Co. Ltd) Jpn. =

Rohai Tokkyo Koho, 79,117,580, 12 Sep 1979, 7 B
pp.
Abstract: Polyether polyurethanes are .

decomposed in mixtures of alkali
metal compounds, H30 or

solvents having active H groups,
and dialkyl ethers of glycols, =
sulfolane, DMSO, 4-methyl-l,3-
dioxolan-2-one, and/or Me3NCN.
Thus, when 20 g or rigid ‘
polyether/polyurethane foam was i
heated in 50 g 95/5/100 glycerol- 3
KOH-~DMSO at 3°/min, the initial i
decomposition temperature was 133°F j
and the decomposition time at 153°F
was 100 minutes.

Polyol-Containing Liquids from Polyurethane Wastes,
G. Bauer, Ger, Offen., 2,759,054, 12 Jul 4
1979, 36 pp.

Abstract: Alkali and alkaline earth metals or
compounds were more effective
catalysts than alkanol amines.
NaOAe in diethylene glycol was
effective. Temperatures were high
(approximately 200°F).

IO NPT vt

Hydrolysis of Urethane Foams (Ford Motor Company), ‘
Jpn., Kohai Tokkyo Koho, 79 70,377, 6 Jun ‘
1979’ U S. Applo 843'777' 20 Oct 1977, 4 rp.

Abstract: Hydrolysis of urethane foams by - :
superheated steam is accelerated by *
alkali metal hydrohides. Thus, a §
urethane foam repregnated with 0.1 :

phr NaOH (as ag solu), treated with =

steam gave 94.3% degn versus 64.9% '

without impregnation. P
A-16
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Hydrolysis of Polyurethane Foams, L. R. Mahoney (Ford
Motor Co.,), Belg. 869,046, 16 Nov 1978.

Abstract Scraps are heated at 185°/0.5-1.5
atm in presence of Hfo and
0.001-0.2 and NH3/mol H2C
to- hydrolysis

Sclvolytic Degradation of Pyrotechnic Materials
Containing Crosslinked Polymers, A. S. Tompa,
et al.; U.S. 4,098,627, 15 Dec 1976 (to U,S.

Dept. of Navy).

Abstract: Covers prupellant disposal,
solvolytic recovery of
constituents, including aluminum

and AP.

Studies on the Hydrolysis Stability of Polyurethane
Based Adhesives, W. Fischer, et al.,
Adhesion, 1978, 22(5), 138-42 (Ger)

Abstract: Pending
Recovery of Polyurethane Prepolymer and Amine Salt,
D, F. Lohr and E. L. Kay, U.S. 4,035,314, 2
June 1975 (to Firestone Tire and Rubber Company).

Abstract: Pending

Response of Some Polyurethanes to Humid Environments,
L. B. Jensen and H. P. Marshall, Compat.
Propellants, Explos. Pyrotechnics Plast.

Addito, confo, 1975, III"’E, 12 pPO

Abstract: Pending (Includes Kinetics of
hydrolysis of polyurethane
elastomers.)

Solvolytic Degradation of Polymeric Propellant
Binders, M. S. Kaufman, et al., U.S. NTIS
AD rep., 1975, AD-A017235, 30 pp.

Abstract: Pending (Covers solvolysis of
polyester and polyurethane binders,

waste disposal, catalyst effects,
etc.)

A-17
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Degradation Reaction of Urethane Polymers, I.
Transesterification of Polyether-Based
Polyurethane Foam, Y. Numata, et al., Nippon
Gomu Kyokaishi , 1974, 47(12), 839-45 (Japanese).

Abstract: Pending (Reports polyol recovery
from transesterification of
polyurethanes.)

Degradation of Polyurethane Foam, H. Okanoto and K.
Fukada, Japan (73) 08357, 1973 (Japanese).

Abstract: Pending (Reports hydrolysis using
sulfuric acid and polyether
recovery.)

Breakdown of Urethane Elastomers Under the Action
of the Epoxide Tertiary Amine System,
Antipova, V. F., et al., Kauch. Rezina, 1972,
31(1), 14-16 (Russian).

Abstract: Pending

A-18
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2.2 BIBLIOGRAPHY OF PERTINENT BACKGROUND REFERENCES

Advances in Polymer Science, Vol., 31: Chemistry, H..
Cantow, et al., Editors (Springer-Verlag) 179

pp. (Eng)

Comprehensive View of the Combustion Models of
Composite Solid Propellants, K. Kishore, AIaa
Journal, 1979, 17(11), 1216-24. (A review
with 65 réeferences)

A Theoretical Consideration of the Kinetics and
Statistics of Reactions of Functional Groups
of Macromolecules, N. A. Plate and O. V. Noah,
Adv. in Polymer Science, 1979, 31, 133-73.
(Eng) (A review with 89 references)

Characteristic Effects in the Reaction Kinetics of
Polymeric Reagents, H. Morawetz, Pure Appl.
Chem., 1979, 51(12), 2309-11 (Eng) (A review
with 35 references)

Developments in Polyurethane, Vol 1, J. Buist, Ed.
(Applied Science Publishers, Ltd.) 1978, 280

1%

The Synthesis and Properties of Polyurethane
Resins, Vol 2 (1973- October, 1979), D.
Cavagnaro, Report 1979, Order No. PB80-800477,
270 pp. (Eng) (A bibliographic review with
293 references) (Avail NITS)

Developments in Polyurethane Elastomers, R. P.
Redman, Dev Polyurethane, 1978, 1,33-76, (Eng)
(A review with 143 references)

Use of the Wastes of pPolyurethane Foams, Y. U.
Aleksandrova and E. A. Petrov, Uspenennye
Plast. Massy, 1976, 66~71 (Russian) (A review
with 42 references)

Permeability of Heterogeneous Gels, N. Weiss, et al.,

J. Polymer Science, Polymer Physics Ed., 1979
17(12) 2229-40.
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IT-M54-45-9

IT-M54-53-34

Comments:

IHMR-71-162 "Evaluation and
Characterization ‘of Binder
Constituents," Quarterly Progress
Report, D. M. French and M. Graff,
Indian Head, Maryland

Abstract: Twenty four of newer
butadiene liquid polymers were
characterized with respect to a number
of properties

Not applicable except 71 costs of
materials are cited

IHTR 273 "Thin-Layer Chromatography -
Method Applicable to the Separation and
Identification of Complex Organic
Compounds Present in Double-Base
Propellants," Naval Ordnance Station,
Indian Head, Maryland, August 1968

Solvents used may be useful in
degradation of propellant. Relative
retention rates in respective solvent
systems are presented

A-20

s

e ———r




Siiadt 3 TS Ry TN RN M TP

L s s Bt U e “GOF

3.0 PHYSICAL METHOD OF PROPELLANT REMOVAL

The current and ongoing literature search includes the
hydromining of propellants, mechanical cutting of propellants,
and other techniques that are available in the industry
today.

To date the literature search has not revealed any new or
unusual methods for propellant removal. Most of the pertinent
literature concerning hydromining of propellant has been gener-
ated inhouse by Thiokol. The basic methods of physical propel-
lant removal to be evaluated for Class 1.1 and 1.3 propellants
are: hydromining and machining.

3.1 HYDROMINING

During the 1960s, Thiokol/Wasatch built and developed the
nation's leading solid rocket motor case reclamation facility
(Figure 3~1). This unit used the hydromining technique, where-
by high pressure water jets carve out propellant pieces until
the entire grain was removed.* A second, but much smaller
hydromining facility was later installed by Thiokol/Elkton in
Maryland. Thiokol‘s experience is summarized in Table 3-1.
Significantly, this table shows that Thiokol's experience falls
into two major categories: reclaiming steel cases and reclaim-
ing large composite cases. 1In either situation the propellant
removed is a composite formulation. Both insulator and liner
were completely removed from steel cases while insulation was
left intact in composite cases.

The economic incentive for development of Thiokol/Wasatch
Division case reclamation facility was initially provided by
Minuteman first stage motor cases. Because of this, the facil-
ity was designed to handle large motors, although it was readi-

.
ly adapted to recover the relatively gmaller Romarc motors.

e ¥ N 3

*McQueen, H. F., and Ladd; J. C., Rocket Motor Case Reclama-
tion, Thiokol/Wasatch Division, May, 1964.
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Additional small motor case recovery hydromining capability
was developed at the Elkton, Maryland facility, which was used
to remove propellant from Subroc motors.

Thiokol's involvement in the Genie Program included com-
plete redevelopment of the propellant system. Initially, the
Aerojet propellant had a 27 mo shelf life, which Thiokol re-
placed with a propellant having a 12 yr shelf life and wider
thermal limits. Consequently, more than 2,000 Genie motors
have been reclaimed at Thiokol/Wasatch by hydromining.

Reclamation of Castor II and Castor IV from Elkton Divi-
sion and the Scout (Algol) UTZ/CSO motor is indicative of the
Wasatch Division's ability to salvage motors that are not pro-
duced inhouse, Reclamation of these motors necessitated
thorough propellant hazard analysis prior to hydromining to
insure safety.

HARM is a new development program, and the only motor that
has been reclaimed had a casting defect. Moreover, HARM is
unique in that it has a very hard asbestos filled phenolic
insulator that cannot be removed by a 6,000 psi water jet.

Thiokol/Wasatch developed a special baking procedure to remove

HARM insulation from the one motor that was hydromined and
other motors that have been fired.

Hydromining of SRAM motors became necessary when Thiokol
won the redevelopment contract for this motor. At the time, no
motor cases were available and Thiokol had no data for hydro-
mining these motors. It was decided to attempt reclamation of
five motors. Prior experience of other contractors indicated a
high incidence of motor ignition during washout, possibly re-
sulting from the presence of a live igniter buried in the

propellant. An isclated hydromining sysiem was set up away
from the M-115 hydromining facility to avoid damaqge in case of
a fire. The first motor ignited and the case was damaged.
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A cause of ignition was postulated as water friction acting on
a friction sensitive propellant and, with the experience gained
in the first attempt, the remaining four motors were success-
fully salvaged.

'

Extending the technology for propellant removal from steel
cases to filament wound composite motor cases without damaging
insulation or case was highly desirable. Two retrofit programs
that could benefit from this development are the reclamation of
Poseidon First Stage and Minuteman Third Stage motors. In 1971

A Thiokol management decided to attempt salvaging a reject Posei-
don First Stage motor using modified hydromining techniques.
Thiz experiment proved quite succesaful. Using procedures
developed on Minuteman First Stage, high pressure water was
used to wash out most of propellant. As the case wall was
approached, fan shaped nozzles and lower water pressures, as
well as faster nozzle rotation speeds, were used to reduce the
possibility of insulation or case damage. Finally, low pres-
sure steam was applied for up to 64 hr, which caused propellant
softening to a depth of approximately 3/4 inch. The soft pro-
pellant was easily removed by low pressure water., This ap-
proach allowed removal of an eccentricity (excess propellant on
one side of the motor) without damage to insulation or case on
the other side. Results of this test showed the case to be
totally undamaged while the insulation was undamaged except for
several small areas, which were easily reparable. Effects of
steam on the case or on subsequent bonds between insulation,
new liner or new propellant were not evaluated.

Similar experiments using Trident-I (C-4) first and second
stage motors (Kevlar cases) were conducted in 1977. Both units
vere designed as ground test motors and were cast with an inert
XLDB (crosslinked, double base) propellant without nitro-
glycerin that represented the Trident-I (C-4) VRP propellant.
In each situation, unacceptable cures necessitated salvaging
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the cases. Techniques developed for the Poseidon First Stage
allowed all propellant to be successfully removed without
damage to cases or insulators and the motors were recast with
the inert propellant. Figures 3-2 thru 3~4 illustrate this
process for the Trident-I (C-4) second stage motor.

Tilt table mounting and positioning of the programmable

! : water lance are shown in Figure 3-2. A low pressure water hose
is mounted to the case forward ernd to sweep out debris. Figure
3-3 shows bulk propellant removal and the effect of water jets
3 , on propellant, while Figure 3-4 shows the finished case with
all propellant removed.

In recent years Aerojet-General Corporation has commis-
sioned a hydromining facility, which is now being used to
salvage Minuteman second stage motors. These motors have a
titanium case and are loaded with ANB-3066 propellant. Aerojet
has also salvaged at least one Minuteman third stage motor
having a fiberglass case and an ANB-3066 propellant grain.
Hydromining was used to remove the bulk propellant, followed by
water and/or steam soak to remove propellant next to the insu-
lator. Minuteman second and third stage motors which were
; loaded with ANB-3066 have a compatible liner which is easily
‘ degraded with water. Clearly, this work confirms that the
| application of techniques developed at Thiokol can be success-
; fully applied to other motors.

OO T TR Ty W YPET

| Thiokol and other USA propulsion contractors have not

g hydromined double base or crosslinked double base propellants
from rocket motors. Obvious problems associated with this }
operation’ involve increased ignition probability and waste >
water handling. However, work done in this area by Summerfield
Research Station, Kidderminster, Great Britain is worth review-

ing.* :

*Bingham, J. F., et al., Removal of CDB Propellant From Case
Bonded Rocket Motors by High Pressure Water Jet, IMI Ltd,
Summerfield Research Station, Kidderminster, GB
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Trident-I (C-4) Second Stage Motor Mounted on Tilt Table

Figure 3-2.
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This facility used hydromining (16,000 psi noncavitating s
water jet) to remove case bonded cast-double-base propellant
and insulation from steel motor cases. In 1.5 yr of operation,
250,000 lb propellant has been removed. The problem of nitro-
glycerin in effluent water was uddressed by using sodium hy-
| droxide hyarolysis, then hydrochloric acid neutralization prior
4 to discharging the water. Unfortunately, this facility was
seriously damaged in July 1977 when a motor ignited. The sub-
sequent fire investigation suggested that voids filled with

2 casting fluid (nitroglycerin) ccwld have contributed to motor %
;;’ ignition when struck by high pressure water. =
3 3.2 MECHANICAL CUTTING (MACHINING) N

M P

b Mechanizal propellant cutting or machining has been in
b common use for over 20 years. Standard procedures include the

AT

use of types of milling machines or lathes, and many solid

(N

rocket motor ccntractors such as Hercules, Aerojet, UTC and
Atlantic Kesearch have worked in this area. Mechanical pro-

ae
ol i e i et e =

pellant cutting is a proven technology which snould be con-
sidered as a propellant removal method for reclaiming rocket
motor cases.

dbn i calbc S adl it
N B ;

saciategiinieis oopan s o

propellant machining has had two primary applications.
The first involves repairing defects such as cracks or separa-
tions wherein the defective region is cut out and new propel- :
lant cast into the cavity. The second is a means of propellant
grain forming by machining overcast moto. grains. Thiokol has
extensive experience in both applications (Table 3-2). The
Elkton Division (Marylanda) specialized ir cutting grain con-
figurations into space motors by using a vertical turret lathe
to dry maciine composite propellant. The Wasatch Division
(Utah) has repaired and shaped the propellant grain on large
motors that fit the scope of this prograii as well as on small

motors.
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Wasatch has had two particularly interesting and germane
defect repair projects which provided experience for this
program in propeliant removal by machining. The first (Sep-
tember 1965 to February 1966) involved development of the TU-
465.01, a 120 in. diameter segmented steel case motor. The
propellant, catalyzed by ferrocene, posed special problems
because of its impact sensitivity. During completion of pro-
pellant loading and curing operations, a combination of fac-
tors (contamination of liner surface, excessively hard propel-
lant due to faulty formulation and processing) caused a massive
separation around the aft port circumference and between the
aft dome and grain. Using a modified Minuteman cutback machine ‘
fitted with special blades for cutting close to the motor wall,
the propellant was removed to a depth of 26 in. from the face
of the case bolt flange before the separation was completely
removed and grain-wall bond integritf assured. After removing
and recasting approximately 10,300 lb of propellant, this motor
was'successfully static fired.

Several years later (1967-1968) Thiokel built the TU-
312L.02 demonstvation motor, which had a 156 in. diameter seg-
mented fiberglass case and a fixed ablative nozzle. Problems
encountered with this motor included defective cast propellant
in the forward motor segment.

Rt il o e 7w

.

To remove randomly oriented large voids, the segment was
mounted vertically, and a Minuteman cutback machine was modi-
fied to perform the defect cutout. Bicde configuration allowed
an 80 in., diameter circular cut, but the machine was offset

it WS Yo b o2

from the motor centerline so that an arc having 36 in. depth '
was cut into the web while the length of the cut into the
segment was 133 in. (Figure 3-5). A total propellant weight of .

approximately 23,400 ib was rewmoved. This machining was done
dry and cutting blades making the outer periphery cut were
curved to eliminate the stress rising effect of a sharp corner
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in the cutout cavity. All cutting operations were conducted
remotely and monitored by television and audio systems.

The machining operation was finished by making skim cuts
on all machined surfaces to remove contamination and to insure
a good bonding surface for the recast propellant. The core was
reinstalled and propellant was recast resulting in a successful
static firing on 25 June 1968.

Thiokol was active in machining overcast propellant grains
on the Minuteman Program. Cutback was required due to the
nature of casting compesite propellant. Even though Thiokol
employs vacuum casting, small voids develop near the top of a
propellant charge and tend to remain because there isn't enough
static head pressure to compress them during cure. T¢ correct
this, Minuteman First Stage motors were overcast (casting
vertical, aft end up) by an average of 400 1lb, then the grains
were machined primarily to obtain the desired grain shape but
also to eliminate the propellant with voids. This operation
was performed by Minuteman cutback machines which were designed
specifically for this purpose, and by using remote monitoring
and control. Thiokol's expertise in this operation is very
extensive as 2,973 motors were processed. The cutback opera-
tions clearly indicated that dry cutting of Class 1.3 propel-
lants is safe and technically acceptable as a method to remove
propellant from rocket motors.

Cutback of the Thiokol Genie motor is performed primarily
to obtain an exact grain length. The machined surface is
coated with an adhesive liner material to prevent grain end
burning. Then the motor aft plate/nozzle assembly is installed
which mates with the liner.

Thiokol/Wasatch has extensive experience for machining
propellant containing nitroglycerin, because Thiokol man=
ufactures crosslinked double base propellant for the Trident-I
(C-4) First Stage motor. The core is inserted into this motor
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5.0 INSULATION REMOVAL AND REPLACEMENT TECHNIQUES

Salvaging of composite cases with insulation material
having acceptabls properties is possible by the removal of
flaps and liner followed by thin replacement with new flaps and
liner. This is a low risk, low cost procedure that was em-
ployed on Minuteman and C-4 Programs. Flap removal is accomp-
lished with the use of heat and mechanical grinding techniques,
while liner removal from the case insulation surface is a
standard Thiokol rework procedure to repair liner application
discrepancies. Solvents such as MEK, alcohol, and methyl-
chloroform, plus hand scraping and mechanical abrading are all
included in the process.

Salvaging flaps is impractical because their thinness
leads to tearing and distortion. Also, in older motors the
flaps are the most susceptible rubber components for age deg-

radation.

Solvents and water present in internal insulation after
removal of the propellant and liner can be removed by evapora-
tion and drying. The original physical properties of 'the rub-

ber will return when solvents are evaporated.

New flaps would be installed by the normal manufacturing
process of secondary bonding with ambient temperature curing

adhesive.

Installation drying procedures employed in present motor
manufacture will be followed to remove any water or solvents
absorbed into thf insulation. This will prevent the inhibiting
of liner and propellant cures.

Next in complexity of rework to the removal and replace-
ment of flaps and liner only is the removal and replacement of
this insulation between flap bulbs. This is believed to be
feasible and of moderate risk. However, the insulation and
insulation to case bond must be left intact between the bond
areca of the flap bulb and the case. Present work at Thiokol on
a Thiokol AOTTS Third Stage Miauteman III and a 10-year-old
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2. Using Cavitating Water Jets for Demilitariza-
tion, A. F. Conn and S. L. Rudy, Symposium on
Demilitarization of Conventional Explosives at
Navel Ammunition Depot, Hawthorne, Nevada, 20-22
Apr 197S. '

Rocket Motor Case Reclamation, H. F. McQueen and J. C,.
Ladd, Thiokol Corp., Wasatch Division, May 1964.
Comments: Historical. Describes early development of
hydromining techniques and parameters tested.

Final Report - Investigation of TU-465 Motor Propellant
Separation, TWR-1717 Project 3047, PMDI-66-7, D. C.
Bjcrkman, E. D. Brown, D. W. Kase, Thiokol/Wasatch Divi-
sion, March 1966 .
Comments: Describes removal of 8-10,000 1b of propellant
from aft grain to eliminate a crack and repair motor.

Final Report, Task 8, Repair/Retrofit Procedures, SL/M
" program, VC 3T-T7-17-20, TD 8-79-7-8, TWR-2735, Thiokol/
Wasatch Division, July 1968.
Comments: Concepts investigated included:
1. Propellant cutting to remove defects and/or
reduce stress '
2, Ppotting or inhibiting crack propagation
3. Conditioning propellant surface with Freon
or other material
4. Designing retrofit motor configuration
Cutting: By special milling, wire cutting, propellant
with rigid blade cutters are discussed.

Development of Cavitating Water Jet PCR Case Reclamation
Facility (U), Technical Report; IHSP-76-132, B. Skinner,
Jr.,, Hydronautics Inc., Laurel, MD, July 1976.
Comments: The Case Reclamation Facility reclaims rocket
motor casings by employing a high pressure water
jet system to erode away the propellant and
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insulator contained within the casings. The

results of the initial phase of the contract,

; ) which was to perform cutting tests on inert

f samples of propellant and insulator with the

! ﬁ Cavijet at the contractor laboratory, were
promising. Unfortunately, the test results were
é v not very encouraging. Based on these results

3 and other problems associated with the employ-
ment of the Cavijet method at the case reclama-
3 tion facility, the rental or leasing of the

E ' method would not be beneficial to the Navy.

- Explosives Research and Devélopment, October - December
i 1977 (U), No author cited, Naval Weapons Center, China
1 | Lake, CA, December 1977, Confidential Document.

4 i Investigation of Underwater Burnout as a Means of Reclaim-

ing Metal Parts From Rejected Pershing Motors, Thiokol
Corporation/Alpha Division, Huntsville, AL, U-A~62-272A.
Comments: A study was conducted to evaluate the feasibil-

ity of reclaiming the metal parts of reiected

Pershing motors by burning out the propellant
while the motor was submerged in water. The
metal parts of a Pershing size motor could be
reclaimed by underwater burnout, depending on
the severity of the defect. A description of
the underwater burnout facility is included.

Hydraulic Removal of Propellant From Rocket Motors for Case
Reclamation, M. H. Larimer, Thiokol Corporation, Redstone
Division, Huntsville, AL, Report Number U-A-62-~145A,

30 Apr 1962.

Comments: Hydraulic removal techniques have been developed
for the cleaning of casting cans to replace the
cleaning~by-hand methods previously used. *
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Degraining-~A Three~Step Process to Obtain Propellant

Samples From Case-Bcnded Motors (U), L. G. Pridy, J. W.

Sebert, Naval Ordnance Station Indian Head, MD, Report

IHTR-417, March 1975.

Comments: A three-step degraining process has been devel-
oped to obtain propellant samples from case
bonded motors for chemical/physical tests. The
three steps are electrolytic machining, section
removal by piano wire cutting, and propellant
removal by piano wire cutting.

Final Report - SRAM Case PReclamation, M. J. McIntosh,

Thiokol Corporation/Wasatch Division, Report TWR-1346, 24

Feb 1972

Comments: Applicable. Portable washout equipment used.

Abstract: SRAM cases were reclaimed by subcontractor
(Byron Jackson Company) using a portable washout
system under Thiokol direction. 1Ignition oc-
curred during the first washout. The remaining
four cases were successfully reclaimed.

Final Report - Poseidon Case Reclamation, M. J. McIntosh,

Mfg Engr Report 1329, Thiokol Corporation/Wasatch

Division, 20 May 1971,

Comments: Applicable. Composite glass case reclaimed

Abstract: Propellant was removed from a first stage Posei-
don case. Slight damage of insulation was re-
parable and the case was reused for casting.
Steam was used to soften the propellant allowing
use of low pressure (3,000 psi) water for
cutting.

Final Report - Investigation of High Pressure Water Noz-
zles, M. J. McIntosh, Thiokol Corporation/Wasatch Divi-
sion, Mfg Engr Report 1096, 1097, July 1965.

Comments: Applicable. Basic nozzle technology

A-40

i




R A

Abstract: Investigation of nozzle efficiency, stream sta-
bility and water velocity of various types of
nozzles. Factors affecting cutting capability
of the water jet are listed.

Final Report - Solid Propellant Waste Disposal/Ingredient
ﬁecovery Study, M. J. McIntosh, JPL Contract 954161a,
Thiokol Corporation/Wasatch Division, 4 May 1976.

& Comments: Applicable. Waste Disposal
; " Abstract: Study conducted to define economic and enekgy
= related aspects of waste rocket propellaht dis- ,
posal. Comparisons of facility and operating
costs shows open burning to be lowest cost meth-
od of incineration. Recovery of ingredients in
larger program has possibility of being profit-
able.
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Minuteman II Stage III Propellant Removal, Ogden ALC/Aero~
jet General Corporation, Contract F42600-79-C5618, 26 Nov
1979,
Comments: Applicable
Abstract: Final Report not completed.

.
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3.4 CONCLUSIONS

4
——— e

R R e R

The history of rocket motor propellant mechanical cutting
methods clearly indicates that the method is proven technology
which should be considered as a method of propellant removal
when reclaiming rocket motor cases. The capability of locating
. the cutting surface precisely makes it desirable when we are
:j.‘ trying to prevent damage to the insulation or the case.
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4.0 WAS'TE PROPELLANT DISPOSAL "TECHNLOUES

Waste propellant and waste explosive disposal methods were
assessed by reviewing available literature and by contacting
several industrial and military installations. Contacts were
inade with ARRADCOM at Dover, Joe Santos; Radford Arsenal in
Virginia, John Horvath; Army Arsenal [llinois, Bob Lindholm;
Tooele Army Depot, Frank Crist. Also, Mr. John Brown of John
Brown Associates, Inc. was contacted. Mr. John Brown was under
contract by ARRADCOM to study the alternatives to incineration
of bulk explosives, propellants and pyrotechnics DAAK11-78-
C0123. He has submitted his report dated October 1979,

There are a number of ideas and some experimental work
being accomplished at the present time. Three pilot plants are
currently evaluating: (l) rotary kiln incineration, (2) wet air
oxidation, and (3) fluidized bed incineration.* Fluidized
bed incineration is heing further evaluated by the Tooele Army
Depot contracts (who received proposals from contractors on 8
Dec 1980).

Several unique methods of waste propellant disposal are
considered. One is to sell the waste to an acceptable buyer
who in turn would use the material to make industrial products
such as mining explosives or primary raw materials. Also,
studies have been conducted and patents issued regarding con-
version of the hazardous waste to primary raw materials such as
NH4C104 and aluminum.**

Thiokol is working in conjunction with a blasting supplier
that supplies blasting agents to the mining industry (Kenne-
cott). Radford is working with suppliers that supply blasting
agents to the coal mining industry.

*Santos, Joseph 8. and John J. Conavan: "Incineration Proces-
ses for Propellant and Explosive Waste Disposal," Facili-
ties and Protective Technology Division, Manufacturing
Technology Directorate, Picatinny Arsenal.

**McIntosh, Meldon J., Solid Rocket Propellant Waste Disposal/
Ingredient Recovery Study, Final Report JPJI. Contract
954161A, 4 May 1976, Thiokol Corporation, Wasatch Division,
Brigham City, Utah.
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To date, the method used by most rocket motor manufac-
turing industries is open air burning. The cost of open air
burning varies from $0.05 per lb to about $2.00 per pound. The
higher costs are attributed to propellant packaging and trans-
portation to remote areas where burning is allowed. A propel-
lant producer in California pays the premium because of the EPA
restrictions in their area.* The referenced document defines
the energy and cost related aspects of waste rocket motor
propellant disposal.

4.1 APPROACHES USED BY VARIOUS ARMY AGENCIES AND ARSENALS

The week ending 23 November and 30 November, several tele-
phone calls were made to various propellant manufacturing com-
panies and U.S. Arsenals. The objective of these telephone
calls was to locate and visit areas with unique disposal sys-
tems.

4.1.1 ARRADCOM

Mr. J. Santos indicated that the ARRADCOM does not specif-
ically have an operational disposal system at the present time.
They do have a unit that is approximately 5 ft in diameter with
a bed depth of about 8 £t in which data have been accrued. Mr.
Santos indicated that the major problem with the fluidized bed
incinerator was the feeding problems. He recommended publica-
tions:

1. Fluidized Bed Incinerator for Disposal
of Propellants and Explosives, Technical
Report ARLCD-TR-78032, October 1978.

2. Bvaluation of Incinerator for Waste Pro-
pellants and Explosives, Technical Report
4984, Picatinny Arsenal, Dover, NJ, De-
cember 1976, DTICAL.

The above incinerator reduced approximately 200 1b of
propellants and explosives per hour. Mr. Santos indicated that

*McIntosh (as cited on page A-42)
A~43
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the Army had a large contract to examine incinerators that

many independent firms would be bidding on. Mr. Santos also
mentioned the difference between the rotary kiln disposal meth~
ods at Radford and Tooele is that the Tooele plant rotary kiln
was fabricated from 3 in. armor plate and was a popping furn-
ace. The Radford unit was lined with firebrick and only ac-

cepted explosive stock that was not contaminated with metals.

At the present time all of the Dover waste materials,
propellants and explosives, are being destroyed by open air

burning.

4.1.2 1Illinois Army Arsenal

ik Mo

i o Ha e

é : Mr. R. Lindholm, maintenance operations, is in charge of
b the destruction of explosives at the Illinois Arsenal. He has
- been working with Mr. Santos of ARRADCOM on fluidized bed sys-
o tems. His plant, in conjunction with the Tooele, Utah Arsenal,
| originated the fluidized bed evaluation contract. Mr. Lindholm

U

i

Bl had trouble earlier in the year with fluidized bed concept,
since his feed stock needed to be reduced in particle size to

less than 10 mesh to obtain a slurry, he was having trouble
grinding the material. Thiokol recommended using high pressure
water cutting nozzles to reduce the material.

Mr. Lindholm indicated that Aerojet people were going to
use their experience in reducing nuclear waste to springboard
them into a fluidized bed incinerator for propellants and ex-
plosive waste. Tom Harrington of the Aerojet Sacramento Pro-
pellant Plant was in charge of the engineering development work
of their pilot plant unit. Mr. Lindholm said there was a bib-
liography from the Cameron Station on explosives incineration
and grinding, which had all the published information from 1960

4o -y
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4.1.3 Aerojet Propulsion

Mr. J. White of Aerojet indicated that Thiokol could not
view Aerojet's fluidized bed and incinerator system; however, a
visit may be arranged for Aerojet's nuclear waste fluidized bed
A-44
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incinerator facilities and nuclear waste reduction plantsite.
Their pilot studies on the fluidized bed incinerator consisted
of a2 12 in. diameter bed, approximately 6 ft deep. 1Its perform-
ance, consumption rate, etc. are not yet known.

4,1.4 Aerojet Energy Conversion Company

Mr, Frank Ulbrich works for the Aerojet Energy Conversion
Company whose major business is fluidized bed dryer incinerator
volume reduction systems. Aerojet proposed to the Tooele Ord-
nance Depot a unit with a small 12 in. diameter fluidized bed
that is being set up at the Aerojet Rocket and Propellant plant
at Sacramento. This unit would be used in Phase I of their
proposed program which would consist of trial runs of explo-
sives into the incinerator to determine the feed rate and part-
icle size of the explosive necessary to obtain uniform combus-
tion. The water to explosive ratio or water to fuel ratio
necessary to sustain a uniform combustion and uniform gas flow
through the fluidized bed and other tests would be conducted to
determine optimum bed temperatures for explosive incineration.
With these data a pilot-sized fluidized bed system would be set
up for Phase II. The pilot unit would be used to gain data on
equipment size, equipment supporﬁ requirements, ash removal of
gas controlling systems such as scrubbers, precipitators, etc.
The question regarding oxides of nitrogen as produced by the
incinerator was answered "the use of nickel catalysts in the
fluidized bed will reduce, if not eliminate, the formation of
the nitrogen oxide systems (NOy)." Mr. Ulbrich was quite
sure that the use of nickel catalyst in the combustion sequence
in the fluidized bed was sufficiently proven that it was ‘a
state-of-the-art method of controlling NOy emissions. The
pilot plant data would then be gathered on sustained burning of
propellants to determine optimized bed versus pound per hour
incineration rates of explosives.

The pilot plant would also be used to determine the sup-
port equipment--scrubbers blowers, ash removal--etc. for

A-45
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"the system. Mr. Ulbrich indicated that a fluidizeéd bed

incineration system would safely incinerate production scrap
propellant and other explosives at a cost of around $0.40 to
$0.50/1b. He indicated that the rotary kiln system presently
used at the Tooele Ordnance Depot and at the Radford Labora-
tories would cost in the range of $0.75 to $1.00/1b for waste
prcocpellant and explosive incineration. He indicated that at
the present time, the method of incinerating and/or discarding
explosive or flammable waste from Aerojet Propulsion costs
about $2.00/1lb for shipping the material into a county where it
can be burned. Aerojet is forbidden by the EPA to open air
burn their propellant and explosive wastes in the county where
their plant is located.

4.1.5 Radford Army and Munition Plant

Mr. John Horvath at the Hercules GOCO Plant at Radford
Army and Munition Plant in Radford, Virginia, indicated that he
does have a refractory lined rotary kiln incinerator that is
operational at Radford. The unit is used to burn propellants
and explosives when they contain no metal. This is obviously a
requirement to keep high velocity metal particles from breaking
up the refractory lining. He indicated that they do incinerate
many of the propellants and explosives in the unit but it han-
dles no more than 5% of the propellant and explosive waste at
Radford. They are still conducting feed, admission, and ef-
ficiency studies on the operation of the equipment. They are
currently working with blast supplies around Virginia to put
their propellant and explosive waste in a slurry form to be
used in the local mining industry.

4.2 LITERATURE SEARCH

1. Sensitivity and Characteriration of
Liquid Ammonia Systems: Reclamation
Methodology for AP Propellants - IT-M57-
17-42 (Liquid Ammonia and Solvent Dissolve
AP) Reference TC Work
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4.3 ABSTRACTS

IT-M94-17-1

Dissolution of Solid Propellants or
Polymers -~ IT-046-4-653 OPI (NASA)

Wet Oxidation Incineration - Indian Head,
Maryland - IT-M54-26~1 "Propellant
Disposal/Reclamation Faulty Design," 1974
Environmental Impact for Disposal of
Propellant and Ingredients TI-0581-48-74-2
Waste Water Treatment EPA - Explosive and
propellant Volume III - IT~0808~53-67
Recovery of NG -~ IT-037~4-203 Literature
Search by J. C. Hindshaw (LMSC) 1979

1975 Literature Search Reclamation of Waste
Propellants, NASA - IT-046-4-415

Lab Study of Pyrolysis of Explosives
Contaminated Georgia Institute of
Technology - IT-0159-17-11

Microfilter -~ AD-A027 329 -~ Rensselaer
Polytech Institute -~ Treatment of Waste
Water -~ EXP and Propellants, Troy, New
York

Microfilter - N79-10227 Leaching AP From
Propellant - Graham Shaw

AD A042601

"Toxicological Investigation of Pilot Treatment
Plant Wastewaters at Holston Army Ammunition Plant,"
G. M. Stilwell, et al., Battelle, Columbus
Laboratories, Columbusg, Ohio, July 1977.

Describes bioassay tests conducted on HAAP waste

water, Overall results indicated that biological

treatment, either activated sludge or the com-
2N hem

bination trickiing-filter-activated sludge does
reduce the toxicity of manufacturing waste water.
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I1f chemical dissolution of HMX from HE propel-

lant were used, reclamation of HMX could produce
contaminated waste water. This provides a method of
treatment of the contaminated water.

IT-0159~17-11  AD A058006

*"Laboratory Study of Pyrolysis of Explosive
Contaminated Waste," J. A. Knight and L. W. Elston,
Georgia Institute of Technology, Atlanta, Georgia,
July 1978.

Pyrolysis of mixed waste containing 2% TNT pro-
duced storeable and transportable fuels, char and
oils, recovering about 70% of the energy input. 2
Gases also produced which account for 16-22% of the 4
energy input. No explosion hazard evidenced at ‘
650°C decomposition temperature.

Possibly applicable to disposal cf waste during
propellant removal.

IT-0808-33-23 PB 258518

"Report to Congress on Hazardous Waste Disposal,"

Environmental Protection Agency, Washington, D.C.,
Jangary 1973.

Not directly applicable. Generally concluded

that management of all wastes were inadequate and

o P Lot ekl e

that the magnitude of the problems was
increasing.

Cices cost of treatment/disposal processes (1973
dollars):
31.40/ton for carbon sorption

LN s i b i * et

$10/tor for neutrzlization/precipitation
£13.60/ton for chemical oxidation
$95,ton for incineration
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Gives flow diagirams and cost estimates for several
waste disposal concepts of 76 references cited, the
most applicable were:

1. Swift, W. H., "Feasibility Study for Development
of a System of ...,"

U.S. Environmental Protection Agency Contract
68-06-0762, Battelle Memorial Institute, 1 March
1973.

2. Ohinger, R.S., "Recommended Methods of
Reduction, Neutralization; Recovery or Disposal
of Hazardous Wastes," Volume 1, USEPA Contract

. 68-03-0089, TRW Systems Group, Inc., June 1973,

3. Booz, A., "A Study of Hazardous Waste Materials,
Hazardous Effects and Disposal Methods," USEPA
Contract 68~03-0032, Applied Research Institute,
June 1972,

IT-M17-17-4  NSWC,/WOL TR 77-72

"Utilization and Disposal of Solid Propellant

and Explosive Wastes,"™ A, S. Tampa and D. M. French,
Naval Surface Weapons Center, White Oak Lake,
Maryland, April 1977.

Very applicable describes simple methods for
breakdown of crosslinked composite solid propellants
anrd explosives and recovering their constituents for
use.,

i1T-M17-17-5 NSWC/WOL TR 77-72, Appendix A, December 1977

Addendum to above contains detailed calculations
of costs. Thiokol's water extraction process is
cited.

IT M54-26-1-2 AD 916 820L

"Industrial Preparedness Measure: Propellant
Disposal/Reclamation Facility Design"
IBMR 73-240, K. L. Wagaman and T. J. Sullivan Naval
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Ordnance Systems Command, Indian Head, Maryland,
September 1973

Study made to determine the maximum water
content of waste propellant slurries that can be
used in incineration units and wet oxidation
reactor,

IT 0231-29~2 PB 256921

AD-A064124

EPA Contract 68-03-0089
"Hazardous Waste Disposal Program," 6th Monthly
Report, July 1972.

Contains process report on pyrolysis and
references which may be useful.

Army Armament Research and Development Command

"Fluidized Bed Incineration for Disposal of
Propellants and Explosives, Etc. (U)," October 1978,
R. Scola, J. S. Santos. Fluidized bed chosen as
best method of incineration for propellant and
explosives. Detonation propagation tests were
conducted.

Fluidized bed incineration chosen due to its
reported characteristics of high combustion
efficiency, low emission, high heat sink capacity,
low operating cost and inherent safety features.

Successful completion of tests at the 22 wt
percent slurry concentration level displayed
capability of fluidized bed incinerator to comply
with 200 ppm goal of NOy and other gaseous
emissions.
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MHSMP-76-51

PB-296 642

PB~279 773

"Disposal of Waste or Excess High Explosives,"
tinal Report Mason and Hanger - Silas Mason Company,
nc., Amarillo, Texas (U), January 1977.

-

Tested Rotary Kiln Incineration: discusses
flash-back versus feed rate tests. Also discusses
closed pit batch-type incineration.

Both concepts are feasible but a greater effort
would be required to develop rotary kiln method.

Report lists advantages and disadvantages of

open burning, detonation, incineration, deep well
injection, ocean dumping, biochemical decomposition,
and chemical recovery. Chooses incineration as best
method. Not very specific about the "how" of each
method. Gives results of incineration test but no
cost data.

NSF/RA-790046 "Immobilization of Hazardous
Residual by Encapsulation,” R. V. Subramanian, et
al., Washington State University, Pullman,
Washington, February 1979,

Demonstrates feasibility of encapsulation of
hazardous wastes (particularly radioactive) in
aqueous slurries in water-extensible polyester
matrix. Two and one-half times more expensive than
cement <ilicate encapsulation.

EPA/530/SW-157C

"Economic Impact Analysis of Anticipated
Hazardous Waste Management Regulation of the ,..,"
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Daniel W, Franke, et al., Development Planning
and Research Association, Manhattan, Kansas,
February 1978,

Not applicable. Relates to leather industry wastes.

PB-279 645 EPA/530/SW-158C

P stitiiinbe s ST T i o

3 { "Economic Impact Analysis of Anticipated
Hazardous Waste Regulation on the Industrial ...,"

manufacturing as part of organic chemical industry.
o1 Projects effect of disposal on overall costs.

: J. Stollman, et al., Energy Resources Company, Inc., ®
1 ) Cambridge, Massachusetts, January 1978.
E g Only slightly applicable. Includes explosives
E

PB-265 042 EPA/600/2-76/213C

™
- ————

o "State-of-the-Art: Military Explosives and
- Propellant Prcduction Industry (Volumes I, II and
III)," James Patterson, et al., American Defense

; Preparedness Association, Washington, DC, October
‘ 1976.

Study surveys military explosives and propellant
manufacturing industry, covering both "GOGO" and

' "GOCO" facilities. Sources of waste water, volumes,
@ and pollutant constituents have been reported.

Treatment technology currently in use at various
Y installations have been examined and evaluated. The
report consists of these volumes:
Volume I - General conclusions and recommendations
and describes manufacturing operations.
Volume II - Bulk of data concerning waste water and
treatment systems,

Volume III - Reviews and summarizes data from above g
' and evaluates new treatment processes under
development, 3
A-52




PB 246727

"Chemical Waste Incinerator Ship Project,"
Volume I, 231 pp, Maritime Administration, Washing-
% ton, DC, Environmental Activities Group, MA

; EIS 7302 76 08DI, 1975,

hcarbiaiod

b PB 246 728
s ; . Volume II, 221 pp.
PB 253 978 MA-EIS-7302-76041-F

Volume 1, 1976
PB 253 979 EPA/430/9-75/014
Volume 2, 1975

Not especially applicable except as an alternate
method of disposale.

Related to the growth of the chemical industry
has been the accumulation of the ever increasing
volume of toxic chemical wastes such as chlorinated

hydrocarbons. A relatively environmentally safe £
berd

disposal method for toxic chemical wastes, which are

liguid and combustible, is incineration at sea.
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AD-A024 513 Picatinny Arsenal, Dover, New Jersey

"Development Trends in the Incineration of Waste
Explosives and ...," (U) I. Forsten, J, S. Santos, '
R. Scola, May 1976. H

L

A review of development in explosive and propellant

\.

.«,‘
W s

waste incineration processes is presented which

TN

includes a vertical induced draft system, rotary

e
T

kiln, simplified incineration techniques for pollu-
tion abatement I and II, wet air oxidation, and

fluidized bed incineration.

v',-\_"'
b ey

Advantages and disadvantages of each concept are
discussed including efficiency, relative costs,

AR

A-53

b

E]

» - RN S o U e s B g R N e ARV oo e 717 P s K o Traec TN, PO WY Qﬁ




environmental effects, flexibility of operation and
safety aspects. Design background .and status of
pilot plant development of the fluidized bed

system is included.
PB-261 086 EPA/530/SW~171

"A Summary of Hazardous Substance Classification
Systems," Allen M. Kohan, Environmental Protection
Agency, Washington, DC, 1975.

Slightly significant for information.

This paper describes the criteria used by 23
systems to define a "hazardous substance," primarily
for regulatory purposes.

4.4 CONCLUSIONS AND RECOMMENDATIONS

Disposal state-~of-the-~art technology is limited to open
air burning. Minor data are available for pilot plants on
rotary kiln disposal operations and fluidized bed incinerators.
Other methods or ideas are experimental stage only. Cost
evaluations for any method other than open air burning at the
present time are limited to knowledgeable people's evaluation.

It is recommended that studies above and beyond the scope
of this program be initiated to provide feasible alternatives
to the disposal of waste propellant and explosive materials.
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5.0 INSULATION REMOVAL AND REPLACEMENT TECHNIQUES

Salvaging of composite cases with insulation material

having acceptable properties is possible by the removal of
flaps and liner followed by thin replacement with new flaps and

e v ol e st e e B
« .

liner. This is a low risk, low cost procedure that was em-

Rl e
-—

3 ployed on Minuteman and C~4 Programs. Flap removal is accomp-
lished with the use of heat and mechanical grinding techniques,
while liner removal from the case insulation surface is a

] standard Thiokol rework procedure to repair liner application
% ‘o discrepancies. Solvents such as MEK, alcohol, and methyl-

°4; chloroform, plus hand scraping and mechanical .abrading are all

included in the process.

leads to tearing and distortion., Also, in older motors the
flaps are the most susceptible rubber components for age deg-

|
| Salvaging flaps is impractical because their thinness
¥

s L R
. -

G

| radation,

Solvents and water present in internal insulation after
2 j removal of the propellant and liner can be removed by evapora-
E tion and drying. The original physical properties of 'the rub-

ber will return when solvents are evaporated.

New flaps would be installed by the normal manufacturing
process of secondary bonding with ambient temperature curing

-———— i —

adhesive,

Installation drying procedures employed in present motor
manufacture will be followed to remove any water or solvents
absorbed into the insulation. This will prevent the inhibiting
of liner and propellant cures.

Next in complexity of rework to the removal and replace-
ment of flaps and liner only is the removal and replacement of
this insulation between flap bulbs. This is believed to be
feasible and of moderate risk. However, the insulation and
insulation to case bond must be left intact between the bond
area of the flap bulb and the case. Present work at Thiokol on
a Thickol 30TTS Third GStage Minuteman III and a l0-year-old ;
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Aerojet surveillance motor AGC-30018 has been conducted to
remove NBR insulation in the cylinder area of the case. This
was accomplished by peeling strips of insulation while locally
heating the V-57 tie cement between the insulation and fiber-
glass case with a hot air gun. The NBR insulation cleanly

separated from the case but the V-57 Ty cement remained to
contaminate the fiberglass bonding surface. Recently it has
been demonstrated on a postfired Third Stage Minuteman III that
this V-57 Ty cement can be removed with a 130°F 3,000 psi
hydrowashing process, further work with this process is neces-

i oS o

'
»~

. | sary to determine the degree of risk. Experience for this type
‘ of rework also includes the removal and replacement of a hydro-

test rubber bladder and the addition of cured segmented insula-

e 4

tion in a 156 in. TU~312 motor* for static test. Similar re-

-
<

moval and replacement of poorly bonded cylinder insulation was

T

‘ accomplished in an MX Kevlar composite case. In the MX motor,
longitudinal strips of cylinder insulation were bonded with UF-
3195 at 135°F for 6 hr. This was a low risk inert motor.

f Although solvents are used to clean subsequent bonding

T p—
i e e e

surfaces and remove rubber to salvage metal parts, our techni-
cal assessment is that exposure of the composite case to sol-
vents should be held to a minimum because of the porous nature:

. . .
"

of the composite, wicking by the filament, and degradation of
the resin matrix. It is not recommended to employ solvent
soaking to remove insulation material.

A second step in the complexity of removal of insulation
and rework is the removal and scrapping of liner, flaps, and

thin cylinder section insulation followed by the mechanical

. removal of unsatisfactory surface thickness of dome insulation,
This mechanical insulation removal in dome areas would be re-
stricted to areas away from metal polar bosses, that is, nozzle-

insulation interface and igniter~insulation interfaces.

*Demonstration of 156 in. motor with segmented fiberglass case
and ablative nozzle, AFRPL-TR-68-159, Vol I, 1968
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Also mechanical insulation removal in dome areas would be
restricted to leave a minimum of 0.060 in. of original insula-
tor thickness bonded to the case both in flap bulb bond area
and areas exposed any significant time during motor firing.
Thekrisk to motor operation and safety factors is believed to
be too great for complete insulator removal in dome areas
because of necessary joints in insulation rework and likely
void sizes in secondary bonding operations.

The replacement of flaps and liner only can be accomp-
lished by methods followed in the original manufacture of Third
Stage Minuteman III, C-4, and MX motor cases (Fiberglass and
Kevlar Composite). Steps include: (1) dryfitting flap, (2)
abrading, solvent cleaning, and drying flap and case insulation,
(3) bonding flap to case insulation with ambient or low temper-
ature curing epoxy adhesives, (4) recleaning installed flap and
case insulation, and (5) applying and curing liner. This
replacement would be low risk and low cost as this is already a
standard procedure.

The second mode of rework would be the above work preceded
by the replacement of thin insulation in the cylinder section
of the motor. This thin insulation will be pre-cured and then
secondarily bonded in place with adhesives requiring ambient
curing or cure temperatures that will not degrade the composite
case. The work has heen done on the previously mentioned 156
in. TU-312 motor and MX motor cases.

A third more drastic mode of rework of insulation to sal-
vage composite cases is the removal of liner, flaps, and thin
insulation in the cylindrical case section, followed by grind-
ing to remove ayc affected dome insulation. Grinding of dome
insulation must be rastricted to not alter insulation at the
olar bosses, igniter-insulatieon interface, nozzle-insulation
interface, or insulation within 0.060 in. of composite case
inside mold line. Segmented dome insulation additions to ob-
tain required insulation thickness would be pre-cured to the
proper geometry. These would then be secondarily bonded

o)
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The choice of adhesives would be limited
to those that cure at ambient temperature or elevated
temperatures compatible with composite case materials.

Sectioned thin insulation in the cylinder area would be
The flaps and liner sh»>uld be

with adhesives.

installed in a similar manner.
installed in a manner consistent with original manufacturing

procedures.,

5.1 LITERATURE SEARCH
FILE NO. 1T-T7-17-169
3 February 1964

K. Madsen, TC (Wasatch), Final Report, "Deterioration of Aft
Closure Insulation and S=zalants Due to Heat Cycling," PDI-591,

8pp, February 1964,

FILE NO. 1lT-T7-15-154
10 October 1979 le

V. Goodley, TC (Wasatch), Engineering Report, "C-4 Insulation
Cold Patch Repair Study," 1413, 6pp, 19 September 1979

FILE NO., 1T-T2-17-48
12 February 1965 aj

ANS, TC (Longhorn), Final Report, "Field Repair of Aft End
Separations (XM-100 Propulsion Unit)," LP 1-65, 90pp, 30

January 1965
Contract No. DA~11-173-AMC-200(A)

FILE NO. 17-T2~17-29
5 November 1963

ANS, TC (Longhorn), Final Report, "Pershing Motor Defect
Repair," LP-53-03, 76pp, 31 October 1963
FILE NO. 1T-T7-17-342
18 May 1965 aj

K. Madsen, TC(Wasatch), Final Report, "Aft Case, Premolded
Durez Joint Repair," 11692, 3pp, 28 April 1965
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FILE NO. 1T7-77-17-313
21 December 1964 aj

K. Madsen, TC (Wasatch), Final Report, "Soak Out of Charred
Liner in 5 in. CP Cases,"™ MER-1064, 7pp, 17 December 1964

FILE NO. 17-77-17-305
7 December 1964 aj

K. Madsen, TC (Wasatch), Final Rep.rt, "Adhesive Strength of UF
Formulations Bonded to Parent Material," MER-1036, 4pp, 1
December 1964 £

FILE NO, 17-T77-17-208
16 April 1964

W. Peavler, TC (Wasatch), Final Report, "Adhesion of UF-1101 to
Cured UF~-1101, PDI~68l, 7pp, 13 April 1964

FILE NO. 1T-77~-17-4717
8 March 1968 1p

K. Madsen, TC (Wasatch), Final Report, "Improved UF-3183
Removal From Aft Closure Propellant Molds," TWR~2763, 66-49,
0317-22-1045, 7pp, 6 February 1968

FILE NO. 1T-T7-17-410
19 August 1966 aj

L. Evans, TC (Wasatch), Final Report, "Evaluation of Repair of :
Minuteman External and Internal Buna-N Insulation,"™ PD-1030, *
28pp, 5 August 1966

7

FILE NO. 1T-T7-17-396
2 May 1966 aj

K. Madsen, TC (Wasatch), Final Report, "Tests for TU-465 Motor
Report,” PMDI~66-12, TWR-1754, 0317-22-1045, 18pp, 10 March
1966

W
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E FILE NO. 1T-T7-17-394
26 April 1966 aj

S. Kitchen, TC (Wasatch), Final Report, "Rip Insert Removal
Study," 1198, 23pp, 22 April 1966

N r
<
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i FILE NO. 1T-T7-17-349
. 6 July 1965 aj |

i i
SN !
1 i; ’ J. Ladd, TC (Wasatch), Final Report, "Trimming of the Aft

| Closure Insulation From the Aft Case During Closure Removal

Operations," 1177, 13pp, 3 June 1965. |

FILE NO, 1T-T7-17-531
27 August 1969 1p

- T, Walker, TC (Wasatch), Final Report, "Large Segmented,

" Fiberglass Reinforced Plastic Rocket Motor Cases (TU-312 Rocket
' Motor Case," Apr 63 thru Feb 69; AFML-TR-69~107, TWR-3357,
; 898pp, April 1969

o e Yo

FILE NO, 1T-T7-17-529
21 August 1969 lp

ENE e

i S. Cardall, TC (Wasatch), Final Report, "Development of
Castable Carbonaceous Materials for Solid Rocket Nozzles," Mar
66 thru Mar 69, 0469-23540, AFRPL-TR-69-129, 229pp, March 1969

. FILE NO. 1T-T7-17-499 J
1 3 October 1968 lp i

C. McClure, TC (Wasatch), Final Report, "Aft Case Durez Seam
Void Repair Study," 1266, 1l0pp, 3 September 1968

; FILE NO. 1T-026-1-5 ;
1 5 August 1970 lp :

i R. Enie, OPI (Hercules Inc.), Annual Report, "Continuation of
e N NASA Rocket Motor Defects Investigation," Jun 69 - May 70,
NASA CR-66946, 198pp, 1970

' FILE NO. 1T-01-1-5
20 October. 1964 aj =
ANS, OPI (Aerojet-General Corporation), Annual Report, "Polaris

Power Plant Development," Addendum, 1 Jul 63 thru 31 Dec 63,
R/C 2~29, AD 442 761, 3888-31M-5, 55pp, March 1964
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FILE NO, 17T-T7-73-272
28 June 1979 le

L. Jensen, Sr., TC (Wasatch), Pr~cedure, "Stage III Minuteman
Boot Nipple Repair Procedure," TWR-22168, 6pp, 25 June 1979

FILE NO, 1T-T7-17-563
11 September 1970 1p

D. Merrill, TC (Wasatch), Final Report, "Third Stage V-45
Rubber Repair Study," 1310, 18pp, Auqust 1970

FILE NO., 17-026~53=25
21 November 1969 1p

R. Enie, OPI (Hercules Inc.), Technical Report, "Comprehensive
Report on NASA Rocket Motor Defects Investigation From Aug 66
to Jun 68," NASA CR-66815, 586pp, Volume III, -Appendices 1968

Contract No, NAS 1-6367

FILE NO, 1T-026-53-24
21 November 1969 1lp

R. Enie, OPI (Hercules Inc.), Technical Report, "Comprehensive
Report on NASA Rocket Motor Defects Investigation From Aug 66

to Jun 68," Volume II, Tables and Figures, NASA CR-66814,
184pp, 1968

Contract No. NAS 1-6367

FILE NO. 17-026-53-23
21 November 1969 1p

R, Enie, OPI (Hercules Inc.), Technical Report, Comprehensive
Report on NASA Rocket Motor Defects Investigation From Aug 66

to Jun 68, NASA CR-66813, Volume I, Technical Investigation, 85
pp, 1968

Contract No. NAS 1-6367

FILE NO, 17-0209-17-2
20 April 1965 aj

R. Burkley, OFI {Goodvear Aerospace Corporation), Final Report,
"Study of the Effects of Mechanical Damage on the Performance
of Filament-Wound Motor Cases," 1 Apr 63 thru 1 May 64, GER

11623, AD 602 632, (80pp), 20 June 1964
Contract No. NOW 63-0499~c(FBM)
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FILE NO, 1T-0150-48-11
16 May 1966 aj

ANS, OPI (Society of the Plastics Industry, Incorporated),
Symposium, Proceedings of the 20th Anniversary Technical
Conference, SPI Reinforced Plastics Division, February 2-4,
1965, Edgewater Beach Hotel, Chicago, Illinois, 350pp, February
1965

FILE NO, 27-T77-29-66
225-9-65
15 October 1965 aj

ANS, TC (Wasatch), Monthly Report, Research and Development
Laboratories, 20 Jul 65 to 20 Aug 65, TWR-1391, 0317-22-0184,
133pp, 1965

Contract No. AF 04(694)-334

FILE NO, 2T-T5-29-568
TMS-46-2-79
23 Februa;y 1979 1le

ANS, TC (Huntsville), Monthly Progress Report, Dec 78, C-79-
329A, 227pp, January 1979

FILE NO, 2T7-T77-29-129
TMC-178~7-8
5 August 1968 1p

ANS, TC (Wasatch), Research and Development Laboratories
Monthly Progress Report, 20 May-20 Jun 68, TWR-3019, 80pp, 20
July 1968 .

FILE NO, 2T7-T7-29-72
TMC-279-2~6
11 March 1966 aj

ANS, TC (Wasatch), Monthly Report, Research and Development
Laboratories, 20 Dec 65 to 20 Jan 66, TWR~1736, 0317-22-0184,
87pp, January 1966

FILE NO. 2T-77-29-211
WD6~-63-8-79
12 September 1979 le

ASN, TC (Wasatch), Research and Development Laboratories
Division Monthly Progress Report, Jul 79, TWR-22224, 269pp, 20
Augqust 1979
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FILE NO. 27T-T7-29-204
WD6-24-11-78
1 December 1978 ie

ANS, TC (Wasatch), Research and Development Laboratories
i Division, Monthly Progress Report, Oct 78, TWR-21615, 182pp, 20
November 1978

F04611-78-C-0038
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5.2 ABSTRACTS

Manufacturing Engineering Report 1424

e

"Water Jet Cutting ‘Technical and Economic Feasibility
Study," D. B. Hibshman, Thiokol Corporation/Wasatch
Division, March 1980

Program plan initiated to evaluate cutting of uncured

AR

rubber and uncured composite materials by high velocity
water jet., Technology may be useful in general area of

" R )
- P > d
D] it B el B Y e S otk T -

case salvage.
AFRPL-TR-68-159 Volume I TCO-56-9-8

"Final Report - Detonation of 156-In. Motor," the 156
in. demonstration motor incurred many problems applic-
able to salvaging glass/Kevlar motor cases and to
reinstallation and/or repair of liner and insulation.

»
D

lr-01-1-5-2 AD 442761

"pPolaris Power Plant Development Addendum,"
Report 3688-31M~5, March 1964, Aerojet General
Corporation,

Contdins information on development of. Rapid-
Curing Bonding Systems for internal insulation. .
Some of this may be applicable to insulation removal

i N ,
T T T e Sidiane SV ST RRES F M O

and reinstallation of the insulation in the case,
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17-T7-15-154 Manufacturing Engineering Report 1413

"C-4 Insulation Cold Patch Repair Study," V. C.
Goodey, Thiokol Corporation/Wasatch Division,
September 1979.

Process developed for making acceptable cold
patch repair on C-4 insulators. May be applicable
to reinstallation of salvaged cases,

17-77-17-563 Manufacturing Engineering Report 1310

"Third Stage V-45 Rubber Repair Study," D. C.
Merrill, Thiokol Corporation/Wasatch Division,
August 1970,

Study conducted to determine what effect repair

of a defective area wculd have on the physical
properties of V-45 rubber in a Third Stage Minuteman
motor. Results inconclusive. May provide insight
into insulation removal and reinsulation of salvaged
cases,

1T7-T7-73-272 TWR-22168

"Stage III Minuteman Boot Nipple Repair
Procedure," L, E. Jensen, June 1979,

May obtain information useful to reinsulation,

17-T7-17-486  Manufacturing Report 1269

"Study to Define the Cause of Soft Spots in UF-
1120 Insulation."

Possibly applicable to insulation removal and
reinsulation.

A-G5




6.0 CASE STRUCTURAﬁ CONSIDERATIONS

To meet criteria in this area, the cuse reclamation proc-
ess cannot reduce the case strength below the original design
requirements. Experience with the reuse of composite cases is
limited, but the results from the successful tests of a 156 in.
fiberglass case and a 30 in. Kevlar case indicate the feasibil-
ity of case reclamation. In 1968, a Thiokol 156 in. diameter
fiberglass (S-994 HTS glass roving with epoxy resin) segmented
case {TU-~312) was successfully hydroproofed three times, static
fired, and finally hydroburst.

The first hydroproof was conducted to verify the design
and fabrication. The second was to verify a rework to the
skirt structure and a third to verify a rework to the rubber
insulation. After static test the insulation was cleanea up,
new rubber insulation added, and the case was finally success-
fully burst tested at a pressure of 1.29 x MEOP.

No equivalent experience has been obtained for cases made
of Kevlar. However, a 30 in. diameter Thiokol Antares III
motor case (Kevlar-49 fiber, epoxy resin) was proofed twice and
structurally tested before it was finally hydroburst success-~
fully. This experience coupled with the fact that C-4 motor
cases (Kevlar—-49 fibers) are now allowed two proof cycles prior
to delivery would support the feasibility of multiproof testing
of Kevlar cases.

One of the major criteria for selection of a case salvag-
ing method is its effect on the structural integrity of the
case. The following items must be considered before methods
can be selected: (1) effects of broken fibers; (2) fiber ma- >
trix contamination; (3) multiproof testing, and (4) distortion
cf case geometry:. The unigue characteristics of a filament x
wound case are attributed to both the design approach and meth-
od of fabrication.

"‘A-66
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6.1 CASE DESIGN

There are basically two types of composite case designs
used in industry today: (1) polar and (2) helical. The first
type uses a polar or planar wound pattern for longitudinal
strength with hoops overwrapped or interspersed for circumfer-
ential support. This consists of winding the rovings (group-
ings of fibers) on the mandrel in great circles, or more par-
ticularly, the filament path over the mandrel will be a
straight line when viewed from the side.

The second type of design uses a helical'wound pattern for
longitudinal strength and hoop windings for circumferential
support. Thése two patterns, as was the case for the polar
design, may be segregated and/or interspersed. The helical
pattern involves winding the rovings on the cylindrical section
of the mandrel such that a curve is traced on the cylinder by
the rotation of a point crossing its right sections at a con-
stant oblique angle: The pattern in the dome sections of this
design is usually geodesic in nature. This type of design is
commonly used when the polar openings are large and when the
L/D (case boss to boss length over case diameter) is large,
such as the First and Third Stage Trident-I (C-4).

The fiber stress is calculated, neglecting the effects of
the resin and, therefore,‘only undamaged fibers are considered.

The helical/polar fiber stress (Oaf) and hoop fiber
stress (oef) can be obtained from the following equa-
tions:

0‘af = :
2
2 taf Cos“
o, o PR (1+ eg) (1-% tan?a)
£ = . -
P = Case pressure
R = Average case radius
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€g = Hoop strain
"a = Helical polar wind’ angle
tqg @ Thickness of the undamaged helical/
- polar fibers '
tor = Thickness of the undamaged hoop fibets

The remaining margin of safety (MS) of the case pressure vessel
versus structure can be calculated using the following equa-
tion:

- Allowable fiber stress -1
(Actual fiber stress) (required factor of safety)

MS

The reduction in the margin of safety due to hoop or heli-
cal fiber damage can be directly determined if the extent of
damage (number of filaments, layers) is quantitatively un-

known.,

To more accurately determine the effects of broken fibers
on case integrity, the stress field in the area of the damaged
fibers has to be known. 1In the "Y" joint area (where the skirt
interfaces with the case); for example, consideration should be
given to. the bending discontinuities that may be present due to
geometric nonlinearities and moment loads resulting from non-
linear load paths. 'The resulting stresses from this condition
increase as a function of the thickness squared as compared
with the linear relationship in the other areas as predicted by

netting analysis.

Inasmuch as the cases involved in the reclamation program
will incur much more handling and processing than was ini-
tially envisioned during design, consideration should be given
to protect the cases during the time it will be out of service.
The concern here is that composite cases are in general more
susceptible to impact (handling or processing) damage than
metal cases. The damage could occur in the form of resin-fiber
shattering, and may not be readily noticeable during a visual
inspection. Kevlar and rigid resins are more susceptible than
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glass and fleéxible resins. Kevlar fibers are also very suscep-~
tible to strength degradation as a result of its highly ori-
ented structure and the fact that the outer portion of the

i fiber is more oriented than the inner portion. 1In addition, to
this condition, Kevlar is very susceptible to abrasion and
fraying during machiniﬁé and handling because of its
subfilament microfibrillar structure. ‘

e i i e e e P s s

The damage in the form of resin-fiber shattewving, being
generally very localized, should not significantly affect the
margin of safety of the case (i.e., the load is "netted" around
the damaged area). The other damage conditions should be fur:
ther assessed. in light of its effect on the strength of the
case and its effect on the subsequent reclamation procedures
(i.e., bonding of the insulation to the case may be hampered by
the fraying of the Kevlar).

6.2 CASE FABRICATION

When the case is wound, the impregnated fibers are preten-
sioned to provide a snug fit between the insulated mandrel and
the winding material. This creates a good bond when cured but
creates problems when removing the insulator in a case recla-
mation effort. This degree of bond, coupled with the following
facts will be considered to define “echnical requirements for
! an acceptable case salvage method.

The resin content of the composite is kept as low as pos-
sible to increase the effective étrength of the fiberg. This
condition decreases the transverse properties of the com-
posite,

The effects of the low resin content on the transverse
properties are further increased in cases made from Kevlar-49
Aramid fibers. The chemical structure of this nonisotropic
! fiber indicates the transverse properties are initially weak
because of the weak hydrogen bonds between polymer chains.
Cases made of -glass do not have this. condition because of the
high crosslinking of the isotropic glass and the stronger bond
it has with the resin system.
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Thé lower shéar strength of Kevlar relative to glass makes
it more sensitive to damage when the insulator is removed.

Fibers

Most of the operational and new composiﬁe case designs
employ either "S" type fiberglass or Kevlar-49 fibers. The
chemical structure and the sensitivity of eacﬁ to processing
and ambient environments are different and must be considered
in processing a composite case. These properties and charac-
teristics are compared in Table 6-1 and it is obvious ﬁhat )
Kevlar is the most sensitive due to its poof: abrasion tual~
ities, water absorption characteristics, and};ow resistance to
acids and bases. -

TABLE 6-1

FIBER COMPARISON

Kevlar-~49 "S" Glass

Structure: Anisotropic (Aramid) Isotropic (glass)
Strength: Good tensile up to Good tensile beyond

350°F 350°F

Low shear and Good shear and

compression compression

Low abrasion Good abrasion
Chemical: 7% water absorption Inert

' Affected by acids and
hasrs

Recently, it has been ifentified that the use of the sili-
cone release agent (DC~20) when applied to Kevlar fibér en- |
hances the fiber tensile strength in an epoxy matrix. Inasmuch
as the release agent weakens the interlaminar bond between the
fiber and resin, the composite now becomes susceptible to water
and solvent penetration and entrapment, which could result in
the degradation of the function of the release agent and a
resulting loss of composite strength. However, use of this
release agent has been restricted to the hoop wrap which is by
design never in direct contact with the insulation.
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This minimizes the exposure of water and solvents to the hoop
wraps internally, but protection must be provided on the out-

gide.

Resin

-

Composite cases normally employ an anhydride or amine
cured epoxy resin system, sometimes modified with plasticizers
to vary the elongation, strength, and glass transition tempera-
ture characteristics. 1In general, these families of epoxy
resins are unaffected by water, weak acids, bases, and organic
solvents at room temperature conditions. Water-boil tests do
indicate some immediate loss in strength,; but effects are re-
versible and full strength is regained after drying.

Fiber Damage

Filament wound pressure vessels rely on the ability of
continuous filaments to carry the pressure loads in a case. If
the filaments are damaged or broken, the portion of the load
carried by the broken fibers will have to be transferred in
shear through the resin matrix material to the adjacent undam-
aged filaments. This obviously will reduce the margin of safe-
ty of the motor case depending upon the size of the case, the
number, and type of composite layers affected, and the location
of the damaged section.

Composite Contamination

Both fiber and resin systems are relatively insensitive to
exposure to the water and solvent systems plauned for use in
case salvaging at room temperature conditions. Precautions
would include a thorough drying of the reclaimed case structure
and the limited use of acids and base constituents in the hy-
dromining and solvent operations involving Kevlar cases.

Multiproof Testing

Reclamation of cases would require a verification of
structural integrity by the performance of another prcof test.
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Except for a few newer case programs like C-~4, there has not
been a requirement to design for multi) e proof testing of
Therefore, since some of the cases that are
reclaimed will have been proof tested at least once, and have
not been designed with a multiproof test requirement, the ef-

composite cases.

fects of annther proof test might be a concern.

There have been studies made on the effects of a second
The most useful work is summarized in the fol-

proof cycle.

lowing references:

"The Effects of Repeated Loading on Filament Wound Pres-
sure Vessels," by Dr., John Outwater, Universitv of Vermont, 5
September 1963 (Defense Documentation Center No. AD422866).

"High Performance Fiber Epoxy Composite Pressure Vessels,"
Chiao, Hamstad, Jossop and Tolands, Lawrence Livermore Labora-
tory, 12 December 1978 (U.S. Dept of Commerce NTIS No. UCRL-

52533).

These reports provide the following information and tenta-

tive conclusions which will be used on this program:

1.

2.

Repeated cycling will result in a reduc-
tion in the subsequent burst pressure of
the pressure vessel in comparison to a
vessel that is burst without preliminary
cycles.

The fatigue life of the pressure vessels
at the higher load levels (30% for glass
and 90% for Kevlar) depends on both the
number of stress cycles and the time at
peak pressure during each cycle.
Composite cases are fairly noisy during
~essurization. Presumably, the ncises
represent steps on the path to eventual
burst. Acoustic emissions data showed
that, after an initial cycle, there is
little noise until the pressure reaches

A-72

|




e et I

¢ . R L

about. 90% of the previous pressure. At
this time the noise level increases mark-
edly.

4. Some reduction in burst strength occurs
due to cycling. Apparently this reduction
occurs fairly early in the cycle history
and remains constant for a considerable
.number of cycles..

5. Most of this effect occurs on the first
cycle with some increment on at least the
second and third cycle as evidenced by the
acoustic emissions recorded between 90%
and 100% of the initial cycle.

6. Cases that are held at higher pressure
levels for extended times degrade struc—~
turally.

From thése reports, it can be assumed that if the com~
posite material properties have not been degraded due to aging,
service life conditions, or reclamation processes; the addi-
tional proof test should not significantly affect the struc-
tural integritv of the case. This assumption is based on the
fact that most motor cases are proofed at pressures suffic-
iently below the critical levels as defined in the referenced
documents, and as a result, will not be degraded below the
design requirements by the additional proof test.

6.3 EFFECT ON CASE RELOADABILITY

The use of solvents, including steam to remove propel-
lants, will have possible detrimental effects on the insulation
materials. Experience with organic solvents such as tetra-
hydrofuran and methylene chloride for cleaning rubber parts
indicate that swelling of rubber does occur, depending on the
length of exposure. However, upon drying the rubber retiurns to
its normal thickness and size.
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Besldes changiné the épparent physical size of the rubber,
it has been found that solvents will also extract plasticizers
and antioxidant- from the rubber compound éven though it will not
dissolve the cured rubber stock itself.
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This effect occurs
locally at the surface, which is critical because of interface
bonds with new insulation and liner.

TR,

The primary criterion for the selection of the solvent
will, of course, be propellant dissolyability. However, the
effects of the solvent on the insulation matcrial relative to
;. | both rubber integrity and bcidawility must be identified. This

‘ information will be used to- plan the insulation rewcrk/removal
plan for the motors undergoing solvent exposure.

The criteria that will deteérmine the reldadability of tke
case will be the ability to bond to the remaining insulation
and case fiber composition without subsequent adverse effects

on adhesive bonds, liner bonds, and propellant liner interface
bonding,
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6.4 FEFFECT OF FLUIDS ON COMPOSITE CASE PROPERTIES

Axl composites considered in this program will absorb
fluids. The rate of absorption can be calculated once
diffusivity is known. The rate of absorption depends -upon
temperature. When water is absorbed, the matrix dominated
properties decrease. The amount of decrease depends. upon
moisture content, material type, and type of loading. There is
not a clear consensus of opinion regarding recovery of
properties after moisture removal. Recovery from 0 to 100% has
been reported.

All composites considered for use in rocket motor cases
contain orgahic material and will, therefore, absorb fluids
contacted by the composite. Most of the literature on effect
of fluids on composites discusses only the effect of water.
However, reports .are also available on the effects of jet
fuell and. both polar and nonpolar solvents? on composite
properties. The following discussion applies .directly to water
absorption, but the same general conclusions are also
applicable to other fluidgs.

Testing for the effect of moisture on composites is
typically completed either after exposure to. high relative
humidity (95% normally) or to boiling water. The effect of
these two environments is the same provided that exposure times
are adjusted so that the same amount of moisture is induceé by
each environment,3 It is generally agreed that 2 hr of
submersion in boiling water is equivalent of 1 mo of. submersion
in water at 72°F.2,4

The rate of moisture absorption can be calculated using
Fick's laws.>

The rate of transfer of diffusing substance through unit
arca cf a section is proportional to the concentration gradient
measured normal to the section, i.e.,

F=-p 3% (1)
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the rate of transfer per unit area
the concentration of diffusing substance

»x O
]

= distance normal to the section a
D = diffusivity

3

e — The fundamental differential equation of diffusion in an
isotropic medium may be derived from equation :(1). If the

[ U

diffusion is one-dimensional there is a gradient of ¢
concentration only along the X-axis.

§ el Al i 7

E:Dazc *
at 3x2 (2)

Equations (1) and (2) are Fick's first and second laws of
diffusion.

These equations can be used to. determine the rate -of
moisture absorption in composites provided the orthotropic

CAUIA VR S e S0

nature of diffusivity is properly accounted for.

A composite material for rocket motor case applications
consists of fiber strands in a resin matrix. 'The moisture
-diffusivity -depends upon the orientation of the £fibers since
the diffusivity along the fibers is, in general, higher than in

the direction across the fibers,

The followig equations for diffusivity ‘in the X-direction
in a composite fiber were presented in Reference 6.

Dy = Dyy cos? a + Dyp sinza (3)

where o is the angle between the fibers and the X-axis.

D;; and Dy, are the diffusivities in the directions

parallel and normal to the fibers.
If Dy is not known it may be estimated from the diffusivity

of the matrix D, and the volume of the fibers Ve

Dg = D, [(1-vg) cos? o + (1-2Nvg/i) sin? ] (4)

S R e et i Pt b i S - B AN
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When fibers are parallel to the surface, equation (4)
reduces to
! Dy = Dyy = (l-2,/vf/n) D, (5)
. Typical diffusivity values are:
i Composite Diffusivity, ftz/hr
: v Fiberglass/Epoxy
E Normal to Fibers 2,76 X 10-10
) . Parallel to Fibers 1.24 x 10-7
Kevlar/Epoxy
Normal to Fibers 6.59 X 10-10
Parallel to Fibers 2.36 x 10-7
Typical moisture time profiles are given in Reference 7.

The maximum moisture content is insensitive to temperature
but depends upon the moisture content in the environment.6
For Kevlar-49/epoxy immersed in water, the saturation level is
about 5% by weight.8 The time required to reach saturation E
is dependent upon temperature since the diffusivity increases
with temperature. Equations for maximum moisture content and
time reguired to reach saturation are given in Reference 6.

it has been shown that moisture gradients of only 1% in
adjacent plies can significantly reduce the residual 'strength
of the composite by causing transply cracking.?

Various investigators2r3:8,10-22 haye observed that
exposure of fiber-reinforced epoxy composites to moisture
leads to a reduction in matrix dominated strength and modulus
properties. The degree of strength reduction depends upon the
type of failure mechanism and upon the moisture concentration.
Strength reductions up to 60% (saturation, tested at 240°F) for
Kevlar-49/epoxy composites® and up to 35% (200 hr in
boiling water) for glass/epoxy compositesl’ have been
observed. Because of the dependence of strength degradation
upon material, moisture level, exposure time and temperature,

Coan
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strength
glass/epoxy pressure vessels subjected to 95% relative ‘humidity

test vehicle (degradation is different for fiber controiled‘
and fmatrix controlled properties), .and level of prestress,22
it is difficult to summarize the results of the papers
reviewed. Figure 6~1 from Ref 21 -contains a plot relating

cse, exposure time, and exposure temperature for

| o

=

then hydroburst. The following table shows a rcugh time-
temperature-degradation-history for glass/epoxy composites
subjected to a water environment:

Time. Temperature ‘

Degradation($) (hr)4 (°F) Refe:ence
5 168 70 .19
30 36 212 (boiling) 17
35 . 200 212 (boiling) 17

vaughnl? claims that the degradation of glass/epoxy
composites appears to follow a log time relationship- for
tensile, flexural, and compressive strength. This relationship
holds only until the equilibrium moisture level is approached.l?

Many authors3,16:,22 report that the original strength
will be regained if the moisture ig removed from .the composite.
However, other authors4,20 report from little to 100%. recovery.
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Figure 6-1. Effects of Exposure Time and Temperature
on Hydrostatic Burst Strength at 1006°F of Filament

Wound Glass-Epoxy Pressure Vessels
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6.5 FRACTURE/FATIGUE AND GENERAL ACCUMULATED DAMAGE

One major problem encountered in working with fatigue in
composite cases is that the types of flaws in such materials
are not generally of the part-through crack type so typical of
metals. Thus, in composites, a wider range of initial flaws
are found than in metals. These may be a result of production
process problems, such as porosity or delamination caused by
contamination or poor fiber-matrix bonding caused by poor wet-
ting of the fibers. Or they may be caused in the handling
process due to impacts. 1In addition, the proof test itself is
known to have potential for damage in the composite.l The
physical damage itself may be basically characterized as being
of three types: fiber breaks; matrix cracking or fiber-matrix
debonding; and delaminations between plies. However, because
all three of these types of damage often occur together for a
particular flaw, characterization of a flaw is considerably
more difficult than it is for metals. 1In addition, the crit-
icality of each type of damage can be quite different for dif-
ferent types of loading. Therefore, it is not possible to
define the criticality of a particular flaw in a composite
through a simple device such as the stress intensity factor in
metals, although the determination of an "effective" stress
intensity factor may be possible.

The above differences in damage types had considerable
impact on the specific details of the Fracture/Fatigue Predic-
tion for composite SRM cases. First, it results in less relia~
bility in finding flaws by the various NDI techniques. Thus,
although delaminations can usually be spotted by existing NDI
techniques, other flaws of a smaller, but perhaps more detri-~
mental nature, such as fiber breaks, can often be missed.

Second, the determinaticn of flaw gro&th rates :n compos-
ites due to sustained or repeated loads is greatlv complicated
by the lack of anything similar to the growth of a dominant
crack as is found in metals. This has led many researchers to
characterize the growth of damage in composite through the
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loss of residual strength or the loss of stiffness.2 Also
the three types of damage can have substantially different
growth rates, and the rate of growth- of each can be very de-
pendent on loading conditions; e.q., tension or compression.

Third, the three basic types of damage can be combined in
virtually limitless combinations in any flaw or damage region,
making it very difficult to predict a critical load for a particu-
lar physical damage regicn. A difference between composite mate-
rials and metals can be of great advantage. The major advantage of
importance here is that fiber dominated graphite composites
subjected to tensile-tensile fatique are virtually indestruct-
ible, having almost f£lat S-N curves over a large number of
cycles.4 Furthermore, although relatively notch sensitive
under static loading, the notch sensitivity has been observed
to decrease with initial repeated tensile loading due to the
development of a diffuse damage zone at the notch tip causing
relief of the stress concentration.® Instead of the inverse
relationship observed in metals, graphite composites show in-
creases in fracture toughness with increases in composite tensile
strength. However, decreases in temperature, within the operat-
ing ranges experienced by rocket motor cases, cause no notice-
able decreases in fracture toughness of composites® but
have detrimental effects on metals.

It has also been demonstrated that if the applied stress
level is kept below 80% of the static strength, glass fiber
reinforced materials exhibit very little loss in strength in
low cycle application.?

These differences in material behavior also have a sub-
stantial impact on the specific details of design. Specifi-~
cally, although the determination of initial flaw size, growth
a sustained or repéated loads, and flaw criticality is more
difficult for composites than for metals, it appears that in
the case of tension loading of fiber dominated cases, these
determinations may be unnecessary. That is, because of the
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flat S-N curves exhibited by composite materials and the
tendency of flaws to become less critical in the initial stages
of repeated loading, it appears that a proof test of the com-
posite case to any load above the cperating loads will insure
the success of the mission.

—

The effects of damage in composites have been assessed by

K many researchers. This research however has been primarily
1 restricted to the area of impact damage. Referenges.7 to 11 are
typical of this work. As a general conclusion, however, the
results of these studies, both theoretical and experimental,

are specifically oriented with respect to fiber type and layup
matrix material, and application that it is difficult to draw

|
. m ———

general conclusions from the work. It does appear that graph-
ite fiber matrix is much less tolerant to damage than S glass,

but that as a class composite materials do not tend to be over-

e —— e — ta

| ly tolerant to da;mage.l1

Also the exact type and crientation of the damage are
! major factors involved in the assessment. There are devices

{ that tend to make a filament material more tolerant to damage

but again no generalization can be drawn. -

Many studies report excellent correlation between theoret-
: ical damage predictions and experimental results as it relates
to broken fiber and matrix damage.l2

It appears that low cycle fatigue as it relates to a low
number to test cycles should not be a major problem in- the
salvage of composite cases. Incidental damage however must
either be prevented or evaluated based on test programs de-
signed and directed to specific fiber, matrix, and appli-

cations.
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SEPARATION OF BUNA~N INSULATION FROM FIBERGLASS/EPOXY
COMPOSITE CASES

During the Minuteman Long Range Service Life Analysis

Program, 50 case/insulation samples were cut from the barrel

portion of an aged third stage Minuteman case. Each specimen

was dried for 8 hr in a 135°F vacuum chamber, followed by con-
ditioning at 135°F, 80% RH for 10 to 132 days. At various
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conditioning times, samples were removed from conditioning
and the rubber peeled from the fiberglass.

The bond was very good for samples tested early in the
program. We were able to peel the insulation from the case
samples. However, fibers were occasionally damaged.

After 132 days conditioning, the first fiberglass ply was
removed with the insulation by applying very little force,
indicating severe degradation of the interlaminar bond
strength.

Thus in the process of case veclamation, extreme caution
must be exercised to prevent normal and bending loads from being
applied after moisture has penetrated into the case.

The follewing literature was reviewed for composite case
degradation information.

1. NASA Literature Search Number 32359 "Environmental Effecis
on Filement Wound Structures® 17 May 1976 - 89 Articles.

2. TRW Literature Search "Aging of Glass Reinforced Plastics"
Part c¢f LRSLA Program - 31 extended abstracts.

3. Phase I, Technology Assessment, CDRL Item 4, Contract Mo,
F-4611~-79-C-0038. Submitted to AFRPL by Brunseich
Corporation, 29 August 1980 - 238 abstracts and summaries.

4, Thiokol Technical Library Literature Search, "Loading
Mechanics, Damage Effects and Moisture and Temperature
Effects on Composite Pressure Results and Rocket Motor
Cases," December 1980 -~ 64 microfische, 102 reports.

5. Computer Literature Search at LMSC, National Technical
Information Service, "Effects of Environmental Conditions
on Reinforced Plastics,™ March 197%. 200 reports.

6. Stage III Minuteman Fiberglass Aging Study, LRSLA Program,
32 papers.
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PHASE I1 - FEASIBILITY AND COST STUDY

DEVELOPMENT OF COMPOSITE CASE SALVAGE PROCEDURES

o . e At it . et Bl A b . e S e e, s,

| INTRODUCTION

Z The proposal to veclaim composite cases from rocket motors represents an

advancement in the state-of-the-art. Reclamation of steel cases from Je-~

A

fective or decommissioned solid propellant motors for reloading has proven
to be cost effective without degrading case reliability. By adapting or
utilizing methods developed for steel case féclamation, a limited number of

]
b' ‘ composite cases have been salvaged and reused during development programs.

The current prog}am, Development of Composite. Case Salvage Procedures, con-

sists of a four-phase effort to determine and verify methods which can be

; | used to salvage composite cases, Phase 1 consisted of making a technological

! ’ survey of existing and potential processing methods which could be applied

to case salvage. Phase II consists of determining the cost effectiveness of

the different methods and making an initial assessment of feasibility. Phase
III consists of conducting laboratory studies to evaluate the processiny methods

and verify or disprove initial assessments. Phase IV consists of developing a

program plan, utilizing fuli scale motors, to verify the methods selected in

the previous phases.
OBJECTIVE

The objective of Phase II was to develop a method of comparison between salvage

techniques and to develop cost models for comparing the costs of manufacturing

new cases versus the cost of salvaging cases from existing motors.
SCOPE

The goal was to computerize a model that predicted salvage case costs and

. new case fabrication costs for comparison. To do this it was necessary to
establish cost equations and determine the drivers which affgct the costs,
Built into this model were the following paraumeters: .

1. Learning curve adjusctments.

2. Production drivers such as quantities, rates and schedule.

3. Propellant sensitivities. ‘

4. Motor size (4,000 to 200,000 1b range).
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5. Inspection and testing costs.
6. Facllities and tooling costs.

In addition, a computer program was needed to evaluate or tabulate the

assessed risk of the selected process methods. The risk assessment included
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potential hazard to facilities and personnel, potential damage.-to the
insulation and case, and an evaluation of raloadability, complexity of

operations, and whether the method is proven or untried.

RESULTS

1. Tabulation and regresaion analysis of fabrication costs yielded
a model for prediction and comparison of new case costs.
2. A cost model was developed and structured to predict, combine and

trade costs for composite case salvage techniques.

bt
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3. Trade studies were conducted on a cross section of motors to

deternine cost effectiveness in salvaging different motor sizes.

4, A computer program was completed for tabulating the assessment

of risk for different salvage operations.

: CONCLUSIONS

3 1. Salvage of composite cases from motows containing Class 1.3 pzo-
C pellant appears to be feasible.

2. The cost effectiveness of case salvage is dependent vpon:

2. The age of the motor.

: b. Motor size.
c. Complexity of the case design.
d.. Case quantity requirements.
e. Does a new case production line need to be maintained?
f. What processing losses from case salvage can be iolerated?
g. Salvage facility and tooling availability.
h. Qualification requifements.

N

3 3. Salvage of composite cases from motors with Class 1.1 propellant
does not appear to be cost effective bdsed on current information.

4, The best methods for removal, based upon current evaluation of
estimated costs and assigned risk values, are:

a. Propellant removal by hydromining or machining.
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b. Liner removal by low pressure hydromining, steam or mechanical
abrasion,
¢. Insulation removal by heat and peal method or, for glass only,
low pressure hydromining.
5. Salvage of flaps appears to be impractical due to the ease with
which they can be damaged.
6. Complete removal of the insulation does not appear to be practical,
due to the potential of damage to the case, .
7. This study advances the state-of-the-art for evaluation of whether
potential case salvage operations ;re cost effective,.
8. Propellant ingredient recovery for resale or reuse, eapecially
when large quantities of the same propellant are available, appears

to be cost effective.

RECOMMENDATIONS

1. Long term effects of salvage processes on reclaimed cases should
be conducted.

2., ¥o significant changes should be made in the Phase III laboratory
efforts. The laboratory studies in Phase III saould emphasize
testing toc evaluate (a) removal of Class 1.1 propellant, ¢{b) the
effects of solvents upon the case and insulation, and (c) the
potential for damage during removal of the insulation.

3. The values assigned for the assessment of risk should be
reevaluated after the studies of Phase III are completed.

4, In-depth studies to reclaim propellant ingredients should be

conducted.

B-7




TERCE TET SR WL v mpyor

: o, R e -~ 1! N Engid i = oS v

k. 3!
1
3
3 1
& . s
[
ij
ij 500 — v iy v
0O C-4 - FIRST STAG
¥
; ¢ C-4 - SECOND STAGE
A C-4 - THIRD STAGE
O MINUTEMAN 111 - THIRD STAGE
400 |- 4 ASPD (63 IN.) o
] 4 HPSCM (20 IN.)
L 0. IR&D (37 IN.)
! © LEASAT
: |
! 3 { ANTARES 111
; R 4 ©-3 ~ THIRD STACE -
~ Q TU-393 (156 IN.) |
0N
2 * O TU-545 (100 IN.)
. g O MX - FIRST STAGE
] @
4 200} .
]
=
100 |- -
0 1 1 1 1
0 25 <0 75 100 : 125
LOADED CHAMBER WEIGHT (K 1B) R

Figure 1. New Case Cost (Labor, Material and Support) vs Loaded Chamber Weight
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DISCUSSION
A. Development of the New Case Cost Model

Cost histories on fabrication of dew cases were compiled and a regression
analysis was conducted to determine the parameters important to cosf data
correlation. It was detcrmined that the primary parameter was the loaded
grain weight; i.e., the chamber, insulation and propellant weights combined.
Hence, the cost of the labor and materials, CLM, can be estimated by:

CLM = 17483 + 3.6745 (loaded grain weight)

The weight of the insulation correlated well with the equation:

Weight of Insulation = 0.0277 (propellant weigh:)o'9277

The amortized costs of the facilities and the equipment can then te added to
the above labor and materials cost to obtain an estimated manufacturing cost
for a new case fabrication. Because facilities and tooling requirements and
costs vary from company to company, most of the comparisons have bezn per-

formed excluding facility and tooling costs.

A plot of the data used and the resultant regression curve is shuwn in
Figure 1. Deviation from the model can be attributed to -complexity factors.
Cases with TT ports, multiple nozzles or space motors designed for high

pressure operations cost more than the norm.
B. Development of Case Salvage Costs

The basic method of development of the cost model was to bredk the salvaging
process into its various steps and to sum the effect of each step to obtain
the total cost for a particular salvage operation. The tasks involved in

a salvage operation have been divided as follows:

1. Handling cost, CH, the receipt of the case and initial receiving

inspection.

CH = £ (motor size and propellant class)
2. Bulk propellant removal costs, CBPR,

CRPR = f (method of removal, cutting xrate; motor size)

Where the cutting rate = £

(propellant sensitivity and physical
properties)
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3. Residual propellant removal costs, CGRPR:

CRPR = f (method of removal, cutt¢ing rate, motor size)
4, Liner removal costs, CLR:

CLR = f (propellant sensitivity, surface area, method of removal)
5. Insulation removal costs (from the cylindrical section), CIC:

CIC = f (method of removal, propellant sensitivity and surface
area)

NOTE: An additional factor is added if the the case was embedded and/
or if it had TT ports.

6. Insulation removal costs (from the dome areas) CID:

— -

CID = f (method of removal, propellant sensitivity and surface
area)

7. In-process inspection, CI:

P

CI = £ (level of salvage, surface area)

Bhse o e SR e

8. Reinsulation costs, CRI:

CRI = £ (mwotor size and complexity of design)

. "T'@ T
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9. Final inspection and qualification costs, CIQ:

CIQ = £ (methods used [i.e., X~ray, hydrotest and qualification]
motor size and propellant class)

10. Waste disposal costs, CWD:

CWD = £ (method of disposal, class of\propeIlant, motor size)

The options that can be selected for each computation are as follows:

1. Level of salvage.

2. Methods of removal for:

a. Bulk propellant,

b. Residual preopellant.
c¢. Liner.

d. Insulation, cylindrical section.

St T AP 4 oA Sratart ot v

e. Insulation, dome section. .

3. Level of final inspection.
4., Method of waste disposal.
5. Facilities and equipment requirements,

P A At

i At each computation of the cost of a task, the option can be made as to
vhether facilities and equipment costs are to be included. The options
available are: (1) no facilities and/or equipment to be included, (2) a set

standard facility and/or equipment cost for a specific method of removal,

B-10
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or (3) the actual facility and/or equipment cost may be used, if available.

If the method of removal for a process step is the same ae previously has

been used, the calculation automatically eliminated the addition of facilities
and equipment for the next step. This allows for comparison of the type of
facility that would be most cost effective. For example, a permanent hydro-
mining facility was used to reclaim steel Minuteman Third Stage cases. The
increased risk in hydromining Class 1.1 propellant indicates the desirability
of building a very minimal cost facility with remote operations and acceptance
of the risk of possible replacement of the facility and equipment. The result
could be that the original facility cost for Class 1.1 propellant would be
less than for Class 1.3.

The rate of production affects the cost computation in two ways. The propellant
removal rate includes a labor cost for setup, cutting and cleanup periods. If
the production rate is too high for a single facility to handle, then a second
facility is automatically added. The second manner for production rate to
affect the cost is that at higher production rates, effective use of labor and
material increases and the percentage for program overhead decreases; both
factors reduce the cost. Relationships developed from composite case fabri-
cation have been used to estimate the reduced production cost as the rate
increases. Similarly, a learning curve has been employed to reduce the

average cost for labor as the number of units to be processed increases.

The levels of salvage are: (1) removal of propellant, (2) removal of propel-~

lant and liner, (3) removal of propellant, liner and insulation in the cylin-
drical section, and (4) removal of propellant, liner and all insulation.

This differs slightly from the proposal conditions. The judgment made during
Phase I was that it would be necessary to remove and replace the flaps in all
salvage operations. Experience also indicated, at that time, that removal

of insulation from the cylindrical section may be feasible, whereas complete

removal of insulation from the dome was very unlikely.

The optional methods considered for bulk propellant removal are: (1) high
pressure hydromining, (2) low pressure, hot water hydromining, (3) wet

machining, (4) dry machining, (5) chemical degradation with hydromining

‘(low pressure), (6) chemical degradation with machining, and (7) burnout.

B-11
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TABLE 1
SUMMARY OF COMPARISON OF MINUTEMAN III RESULTS
WITH CASE SALVAGE COST ESTIMATIONS

(MINUTEMAN 111 GLASS CASE: PROPELLANT WEIGHT = 7298 POUNDS;
AREA = 38,7 FEETZ; CLASS 1.3 PROPELLANT; SINGLE MOTOR SALVAGE

WE—

% OPERATION)
k TASK minuteman 1110) gstimaTeD saLvace cost?)
] SALVAGE LEVEL 4 4 2
g METHOD OF REMOVAL
;. A. PROPELLANT, BULK 12680 9917 9917
’ B. PROPELLANT, RESIDUAL 2606 2606
C. LINER 2923 - 2478
= D. INSULATION, CYLINDRICAL 3553 2779 -
E, INSULATION, DOME 1040 -
3 RECEIVING AND- HANDLING 420 645 323
: INSPECTION - IN-PROCESS 0 4807 3965
‘ INSPECTION - FINAL . 2895¢3) 6761 6761
. QUALIFICATION PROGRAM 0 0 0
- REINSTALLATION OF INSULATION 4591 5143 5143
g WASTE DISPOSAL 0 722 722
3 COST PER UNIT, (1981$)
§ & 1 PER MONTH 33800 31900
‘ NEW CASE COST, (1981$)
3 .1 PER MONTH 45800 45800
DIFFERENCE (NEW - SALVAGE), (1981%) .
8 1 PER MONTH 12000 13900 .
NOTES:

1, COSTS -BASED ON ACTUAL MANHOURS CHARGED,
2, INCLUDES ESTIMATED LABOR, MATERIALS AWD SUPPORT..

o Mttt

3, INCLUDES X~-RAY ONLY; DOES NOT INCLUDE HYDROTEST.

B-12
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The options available for residual propellant removal are: (1) all propellant
removed by the bulk removal method, (2) hydromining, low pressure, hot water,
(3) wet machining, (4) dry machining, (5) chemical degradation with hydro-~
mining, (6) chemical degradation with machining, and (7) burnout.

The options available for liner removal are (1) liner removed with residual
propellant, (2) hydromining, low pressure, hot water, (3) chemical dissolu-
tion, (4) mechanical [i.e., buffing, grinding, etc], and (5) steaning.

The options available for insulation removal, either from the cyliadrical or
dome sections, are: (1) same as previously used methods, (2) hydromining,

low pressure, hot water, (3) chemical soak with hydromining, (4) chemical
soak with mechanical removal, (5) mechanical removal [i.e., buffing, grinding,

etc], (6) manual.buffing, and (7) heat and peel.

Options of the inspection level are: (1) visual and dimensional inspection
during the processing steps, (2) X-ray inspection of the chamber and re-
installed insulation, (3) hydrotest including hydroburst of a specific
number of cases, and (4) loading and firing of a specific number of recon-

ditioned cases for qualification.

The options for waste disposal are: (1) open pit incineration, (2) closed
incineration [i.e., rotary kiln, fluid bed, etc), (3) use as explosive

and (4) reclamation of solid ingredients for reuse.

The constants and functions used in the equations for computing the costs
were developed from cost data from various ongoing programs it Thiokol. The
validity of the final results was checked by comparison cf computed costs
with the actual costs recorded during the Minuteman III Case Reclamation

Program. This comparison (Table I) demonstrates that costs computed for

the individual tasks compare favorably with the actual costs. Zero costs
were accounted for in the Minuteman III program for waste disposal and

in-process inspection because these functions were treated as support costs.

The methods of salvage corresponded to the methods used in the Minuteman III

tests, which were:

e
4
4
"
4
3
L
)
1

1. Propellant removal -
2. Liner removal by buffing, grinding.
3. Insulation removal by hydromining.

B-13
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The computed examples selected used the same method where applicable. In

a Level 4 salvage, it 1s assumed that the liner is removed with the pro-

pellant or insulation, not as a separate step; therefore, no cost is tabulated.

%o a Level 2 salvage, no insulation is removed, therefore, these costs are

omitted in the calculation. The insulation cost is probably high, since only

repair and replacement of the flaps would be required.

In addition to obtaining actual costs for specific operations, the following

results were obtained from the Minuteman III program which were beneficial

to this program,

1.

2.

Reclamation of the flaps was determined to be impractical.
Attempts to salvage the flaps were unsuccessful.

Operating conditions needed for removal of insulation by hydro-
mining were defined; however, results indicated a high risk of
damage to the case fibers if insulation is removed by this method.
The heat and peel method was confirmed to be practical for re-
moving insulation from the cylindrical section of the case;
however, removal of the bonding adhesive from the case was
difficult.

Application of low pressure steam proved to be very effective for
removing the liner from the insulation.

Tests conducted on Kevlar case sections indicated that severe
delamination occurs due to water damage when insulation is re-

moved by hydromining.

It was concluded that there was a need to define the hydromining operating

conditions for propellant removal that would minimize the potential damage

to the insulation. This work was planned for Phase III.

It is evident that the combinztions of examples that can be calculated are

almost limitless. Figure 2 summarizes the results of calculations for

various methods of salvage of Minuteman III cases. These results indicate

that the level of salvage and the method selected for propellant removal

- - 3 -
Have the most ¢ffect on the

[x3

otal cost for a specific motor.

The effect of the motor size is shown in Figure 3, which siows how the cost

of the salvage increases as the motor size ircreases for a motor containing

Class 1.3 propellant.
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Manufncduror
Origin)

Acrojot
Nimteman IIT,
Sape 101

ANB-3088

Thiokol
Proposed for
KX Sage [

Thioko!
Proposod for
IFSM-1T
CYE (DDP)  Morcules Inc.
Minutoman 11,
Dago 111

Horcules Inc,.
& Thiokol

Joint Venture
C=4 Tridert
also (similay
to MX-Stage II1)

TP-N1033  Thiokol

Koviar <0

Kevlsr 40

8 Glass

Keviar 49

Keviar ¢p

Bpocial Fucilitise
Roquiromont

Romots culting
Corrorion Pre eation

Remots cuiting

Corronion presoution

Frictim lovel Indicates
oautions noces.ary to provent
ignitios (suchi s low

presscre on hydromining andlor
slow spead for mechanioat
cutting).

Same as TP-H .07

Fecilities oxposod to nitrate
e820r systoms will have to
meot the critical dealgn
requizemonts for thewo
materials which would include
oealed surfaces, impact
Preve;tion, friction pre-
vention, and a total hazarde
analysis for the operation

TA

OUTLINE OF CASE SALVAGE PROCESSES (

Motixx! of 1ulk
Propollnnt Roraoval

Hydromine tv approxi=
mately 8 {n. from
insulation,

Eydromineto 9
in, from fnsulation

Ssme as TP-H1i207

Mechanieal cutting
utilizing tools design
to cut the propoliant

to a prodctermincd
oconfiguration would be
utilizod, Tho cutting
spcod, depth of cut,
typo, and amount of
coolant used on the
cutting blado would

be detormined, Woste
and chips would be
removod porlodical'y
to mintmirvo any build-
up of suhdividod
matorial that sould
oause detonation to
deflagrstion,

Mothod of Romoving
idual Lrapoliont

Uso hot water hydrominisg

Unknown at prosent. FPrelimindry
teating indicotes solvent suck as
tetrahydrofuran may softon binder
systum aufficiontly to soft wash

with hydronining or hand cut to
insulation, ‘Water - stoam would
leach AP and rodvce bazard to
personnel. Or cheok and test hydro-
mining with 180°F water st 1000 pel.

Same as TP-H1307

The remaining fllwm of propellant
would bo romoved by firat solvent
troatmont, olther lrrigation or
vapar diapersion to partially
romov2 tho nitruglycorin and to
solvato and dogrado tho binder to
whatovor 1imit necosaary to
wtilizo hand cutting or soft
hydromining (sulficiont prossure
to cut the romaind:r of the
propollant without cutting the
rubbor), Warm wator hydroe
‘mining I8 considored to ko effective
{n romoving the remeining
propellant from the insulation,

Toe1
tho b
be uti
facill
prote
alyce
prod
prost
waste
cuttlt
resid

mighl

small
inat
mate
this s
factl
ocomp
and p

0 pr
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TABLE 11

ERESSES CHOSEN FOR CANDIDATE PROPELLANT SYSTEMS

Logic for
¥othoi Solectod

Nothed used to remove HB polymer.
Epony cured propollant from
Poveldon fiberglans case - HC
polymer 1s suscoptive to

molsture degmdation,

Limitad testing Indicaten hydro-
mining cwts the propellant,

Low premmurs hydrumining may be
requized boonuse propollant (s

slightly friction seneitive

(comgnrison to othcr types

200 ANLs 3066 ~ also SRAD: had
{gnition on washout and it was

friction semrltive), Litersture search
Idiostos HTPB ts degraded by - OH;
therfore, caustic addition to water
used {n hydromining may be beneficlal.

Seme a3 TP-i1207

The mechanical cutting to remove
tho bulk of the propoliant would
be ut!iired to minimizo the
facility lavestment necessaxy to
protect a facility from nitro-
glycerin contaminatod waste
product streams that would be
proset with hydromining. The
waste products for mechanioal
cuttirg such ag the chips and the
resideal coolant material which
might corkatn nitroglycorin

would be removed batchwiso in
small quantities and dostroyed

in a burning arca, Tho hazardous
matarials could bo contained In
this manner. Teoling dosign and
facility Iayouts woukd requiro
complate sefoty haxarde analysis
and provido a safoty incidont
probehility to 1078, Warm water

Rydronining socomplished at 500 ~ 100 pst

o previe a soft {mpact ou the system,
pyescs o be-frogible-

Mothod for Removal
of Insulation

Tieat and poel thiu insulation in oylindrioal
sectlon. Mot water hydromining will remove the
remalning cement, Grinding will be used in

the dome region to TemoOYe 9X0888, degredod
fesulation.

Machanioal grindisg or bufficg will be used
for insulation removed, Complete removal {8
oonsldered a poor risk,

Same as TP-H1307

Host and posl insulstion in cylind doal
sections, ilot water hydromining to remove
cement, Mild bufting or hand soraping of
fpsulation to rOmMOYe sge degralalor
propolisnt ocontaminated (NG) sux &de¥,

313 mechanical grinding or butl: x5 will be
the primary candidste method,

Game 88 VRP

logis fue
Xothod Solected

With spplication of heet to soflen the coment/
adhoslvo the fnaulation s casily pecl from the
cylindrical soction, Hot water hydromining
{13°7 &t 3000 pel) has provos effoctive 1o TOWOVe
the osrotnt. The rink §s considered to be too groat
to completoly removo tho ineulation is the dome,

sapecially near the metal polar bossos,

Hoat aypliostion, either by bot wator or host gua,
to remavo (nsulation cxposes the surface {thera
in Kevlar casen and produces oase damage.
Solvert soaxing, Mcludidg wstez, jsat

Same 88 TP-HIR0?

Hot water hydromining recepiable for Rinse cansse,
Due to protable NJ coplaminsiion the liling of
(nsulation must bo mild, Water or solvens may

ba neeced to desenaitize the surface If NG {s present.

Hest application inoroases the riok to the Kevisr onee,
The use of solvents to ald removal Is also prohibited
due to thelr effect on the Kevlar fibers,

Sams as VRP
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B TABLE III
E_l;” EVALUATTON OF MOTOR SALVAGING TECHNIQUE
{
1]
!
¥
” .
Explosive . . "
Class Method Advantages Disadvantages
- 1.3 Hydromining « Moderate rav material cost . High potential to damage
. TFacilities already exist insulation
« " Low tooling and equipment cost|. High potential to damage
. Low personnel safety-risk case
+» Low facility safety risk « Large quantities of
« Effective, fast removal contaminated water to
* {+ Successfully spplied in treat
previous programs
. No effect on reloadability
1.1 Hydromining . . Moderate rav material cost « New facilities reauired
. Cost -of equiprzent moderate . ‘New tooling and cquipnent
« Low personrel safety risk: . Moderate facility risk
remote operation . BRigh potential to darage
. Effective, fast removal insulation
. No effect on reloadability . High poteatial to danage
: case
. Large quantities of
contaminated water
. Application resulted in
ianition and loss ol
facility
1.3 Low-pressure, ." Low raw material cost . High energy cost to heat
- [ high-temperature . Facilities exist . wvater
*hydromining + Low - moderate equipment cost
+ Low personnel safety risk
« Low to moderate facilities
safety risk
. Low potential to damage
. insulation
. Low potential to damage case
. Moderate amount of water
’ contamination
. Effective to use
+ Successfully applied in
previous programs
. No effect on reloadability
4
P
-
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TABLE III
EVALUATION OF MOTOR SALVAGING TECHNIQUE (CONT) g
Explosive
Class Method ) Advantages Disadvantages
1.1 Low Pressure * +" Low raw material cost . High energy-cost-to -heat
Hydromining . Facilities already exist water
. . Low - moderate equipment cost |. Moderate to high facllltle% -
« Low personnel -safety risk: hazard risk
remote + Water contanminated with M
+ Low potential damage of
insulation |
. . Low potential damage of case
. . Moderate amount of water
contaminated
. . Effective removal
. Successfully applied {n pre~
vious -programs
. No effect on celoadability
1.3 Machining « Low raw materfal cost . Moderate facility safety
+  Moderate facilitv cost risk
+  Moderats.enmmnifment cost = rorential to recover water
part already existing solubles
«» Low personnel safety risk . Relatively slov for
« Yo potenvial to damine cares removal of belk
« Low potential to damage
insulation
. Small amount of water
contaminated
«  Successfully used in similar
applications
. o effect on reloadability
1.1 Machining +« Low raw material cost « Moderate facility safecy

«  Mederate facility cost

. Low personnel safety risk

« Low potential to damage
insulation

. Low potential to damage case

« Small amount of water con-
taminated

+  Successfully used in similar
application

. No effect on reloadability

B-20
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TABLE III

EVALUATION OF MOTOR SALVAGING TECHNIQUE (CONT)

Advantages

Dlu&vntﬁu

fopl?live
Class

1.3

1.1

i.3

Solvent
Degradation

Solvent
Degradation

Burn Out

low to moderate
facility safety risk
Improved rate of
removal

May decrease explosive
hazard by desensiti~
zation of propellant

Decrease facility
risk factor

Improved rate of
removal

Decreased explosive
hazard by desensiti-
zation of propellaat

Lov rav material cost
Lo facility cost

v equipment and
tooling cost

Low waste disposal cost
Effective, fast removal

B-21

igh raw materials cost
High facility cost (in-
cluding secondary removal

hmethod)'

High equipment and

tooling cost

High vaste disposal cost
High personnel safety risk
(solvent toxicity)
Moderate potential to
damage insulation
Moderate potential io
damage case

New, untried method
Potential effect on
reloadability )
Migh rav meterial cost
High facilfity cost (must
include secondary removal
method)

_jaigh cquipment and tooling

cost

High waste disposal cost
High personnel safety risk
(solvent toxicity)
Moderate potential to
damage insulation
Moderate potential to
damage case

Wew, untried method
Potentizl effect on
reloadavility

Moderate personnel safety
risk

High potential to damage
insulation

High potential to damage
case

Moderate to high facility
safety risk

Useful only for removal of
residual propellant
Unsuccessfully tried with
steel case reclamation
Potential adverse effect
on reloadability




Estimation of the difference of the salvage costs between motors having

R -
o v " o b s e A2

Class 1.3 and 1.1 propellants is shown in Figure 4. The predicted cost of

i

new cases is also shown for comparison. These results indicate -that sal-

e i}

vage of motors -containing Class 1.l propellants may be economically

feasible only for ldarger cases. These estimates were based upon comparison

T

of increased costs which occur in other steps of rocket motor manufacture
such as ingredient preparation, mixing and casting, which result from extra

precautions needed with Class 1.1 propellants. As more data become avail-

ki o
PO

able, it may be found that these costs have been estimated higher than
was necessary. )

C. Development vi Risk Assessment

Development of a computer program to evaluate the different methods of

salvage proceeded as follows:
Table II indicates the chosen processes to-salvage composite rocket
motor cases containing the candidate propellant selected for this
program. In the development of Table II, Table III was utilized.
This table evaluates each of the propellant removal techniques from
the standpoint of the advantages and disadvantages of the process and
its relationship to the explosive classification of the propellant.
Evaluation of the propellant removal techniques includes hydromining,
high pressure~low temperature water hydromining, machining, solvent
degradation and propellant burnout.
The insulation removal techniques were evaluated for the advantages
and disadvantages that exist as applied to both "S" glass and Kevlar
49 composite case materials. The type of propellant also was con-

sidered. The processes that were selected are the heat and peel,

solvent soak and peel, grinding-machining, low pressure-hot water

hydromining developed by Thiokol in the Minuteman Stage III Com- 4
posite Case Reclamation Program, and manual removal by buffing or

scraping.

The propellant disposal technigues valuated for their
advantages and disadvantages based upon the type of propellant disposal
techniques and include open pit incineration, closed incineration [i.e.,
rotary kiln incinerators, fluidized bed incinerators, etc], reclamation
of ingredients from the propellants, and waste propellant used directly

as an explosive for comsercial industry.
B-22
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The criteria for methods selection, listed in Table IV, are cost, person-

nel safety and facility risk, potential damage to the insulation and case,

reloadability of the case after reclamation, the effectiveness of the

process and the confidence factor based upon the history and success that the
method has experienced to its current state of development. In each method,
the rating factor proceeds from 0 to 10. In all cases, the rating factors
indicate that a more desirable or feasible process would have a lower number
rating than the other methods to which it is compared. For exumple, a

rating of 0 represents a low cost or low risk estimate for the process.

TABLE IV
CRITERIA FOR SELECTION OF METHOD
Rating Factor ﬁ
Parameters Considered Low Moderate High
Safety, Risk to Personnel 0 5 10
Safety, Risk to Facilities 0 5 10
Potential Damage to Insulation o 5 10
Potential Damage to Case 0 5 10
Reloadabiiity Difficulty 0 5 10
Effectiveness#*#* 0 5 10
Confidence Factor*** 0 5 10
*% Effectiveness is based upon rate of removal and ability to remove all
by one method
*%% Confidence is based on previous history of success of method for the

same or similar operation

Tables V, VI and VII summarize the analyses of the various processes for
propellant removal, insulation removal and the propellant disposal methods,
respectively. Each parameter from Table IV was judiciously applied to each
process in Tables V thru VII, culminating in a scoring method that indicates
the desirability of each process. The total tabulation scoring for e.ch
process was then made and these results were reflected in the choices of the
proposed salvaging techniques listed in Table II, It is ev. dent that not

all possibilities have been investigated by the development of these prelimi-

nary selection criteria. Improvement of the selectiern criteria will occur
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as data are obtained from laboratory studies during Phase III.

In each example in Table II, propellant removal, insulation removal and
propellant disposal methods have been used to provide a total summation
of the salvage operation: The insulation replacement method was not so
rigorously treated. Current studies on insulation replacement indicate
that the vulcanization and precuring of the insulator on outside molds .
will be required. The preformed insulator segments will then be secondarily
bonded into the salvaged case in the same manner used to install internal

insulation systems in current rocket motor production.
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TWR-30684

DEVELOPMENT OF COMPOSITE CASE SALVAGE PROCEDURES
AFRPL Contract F04611-81-C0001

INTRODUCTION

This program is an 18-month effort, divided into four phases, to develop
safe, cost effective methods to remove Class 1.1 and 1.3 propellants from
solid rocket motors that have composite cases. Phase I consisted of a
technical assessment of current recovery methods and included a literature
search for information applicable to the salvage processes. Phase Il
consisted of a feasibility and cost study during which cost parameters

and models were established for cost comparisons between reclaimed and new
cases. Phase III consists of laboratory testing of propellant, liner and
insulation removal methods deemed promising from the results of the Phase 1
and Phase II efforts. Phase IV will consist of outlining a qualificat!ion
program to demonstrate the salvaging techniques selected in the previous

phases utilizing three government furnished Minuteman III third stage motors.

OBJECTIVE

This report summarizes the rsults of all work efforts conducted during

Phase III of the AFRPL Composite Case Salvage Program. Phase III is‘the
laboratory studies designed to evaluate potentially cost effective and/or
feasible methods for propellant, liner or insulation removal as were identified
in Phases I and II. A special emphasis has been placed on determining the
potential risks involved in the processes, particularly the risks concerned
with handling Class 1.1 propellant and with utilization of solvents to

aid propellant and/or liner removal.

SUMMARY

Tests were conducted to evaluate or to obtain processing data on the more
promising propellant removal methods: hydromining, machining, burn-out
and solvent degradation. The data indicate that hydromiﬁing and machining

are the better methods with lower risk factors.
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The effect of the propellant removal methods on the insulation and case

materials were evaluated to assess the risk for potential damage to the

reclaimed case. Particular emphasis was placed on the effects of solvents

upon the insulation and case materials and the effect the solvents may have

on the reprocessing step required to prepare the case for reloading with

propellant. The high potential to damage (risk) associated with the solvents

indicates their utilization is unfeasible. It has also be concluded that

there is some risk in utilizing hydromining to remove the last of the pro- *

pellant. Utilization of hot water and low pressures during hydromining :

reduces the risk. - é
|

CONCLUSIONS i

The conclusions of the tests and evaluation performed during Phase III are f

as follows.

1. Hydromining is a viable method of propellant removal for all propellants,
both Class 1.1 and Class 1.3 propellants. Proper conditions can be
tailored .o each propellant to minimize the potential for ignition.

2, Reduction of water temperature and pressure during hydromining
greatly reduces the potential for damage of the insulation and/or case.

3. Dry machining could be an effective removal method but the increased
safety factor resulting from water flooding during wet machining
effectively eliminates the utilization of dry machining.

4, The assessment of high potential for case damage eliminates the burn-out
method from further consideration despite its apparent economic

advantages.

5. Several solvents were found which degrade the different propellants;
however, most of the solvents that degraded the propellant were
deleterious to the case, particularly to the resin. If they were
strong enough to attack the propellant binder system, they also
attacked the case resin system.

6. Solvent effects on the insulation itself appeared to be ‘trdnsitory;
however, many solvents migrated through the insulation sufficiently -
to weaken the insulation/case bond and attack the resin system of the

case.
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7. The accumulated data provide a good basis for planning the follow-on
program,
5.0 RECOMMENDATIONS

S

cr i e et i o =

It is recommeded that the results of these evaluations be accepted as ful-
fillment of the required work for Phase II1 of Contract F04611-81-C-0001,
following the planned oral review. It is recommended that approval be

granted for the continuation of the program, Phase IV effort.

6.0 DISCUSSION

The objective of Phase III was to evaluate the processing techniques
identified as feasible during Phase 1 and Phase II through laboratory-type

operations. At the conclusion of Phases 1 and II, it was concluded that

s Tttt e i e e ot e

hydromining and machining were the apparent best methods for propellant
removal, Economically the burn-out method, burning the propellant from the
case at lower pressures, was promising but the risk of damage to the case
was judged to be high. Due to the potential economic benefit, additional
evaluation was deemed necessary. Utilization of solvents to degrade the

- propellant was judged to be more expensive than any of the other methods,

3 ‘ due to the solvent costs plus the increased cost of handling the solvents

and risk was also expected to be high.

Two basic considerations indicated the need to further evaluate the use of
solvents. The one industrial example of hydromining Class 1.1 propellant

resulted in an incident of ignition and damage to the plant.l Hydromining
“of composite Class 1.3 propellants has been shown to be technically feasible
and a state-of~the—-art operation. Thus, the major area of interest was the
development of safe methods for removal of Class 1.1 propellants. Degradation
of the polymer or solids dissolution to weakenithe propellant or to desensitize

it and facilitate machining or hydromining was a worthwhile objective.

1Bingham, J. F., et. al., "Removal of CDB Propellant from Case Bonded Rocket
Motors by High Pressure Water Jet," IMI Ltd., Summerfield Research Station,
Kidderminster, G. B.
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The other consideration was concerned with the disposal of the propellant.
Continued disposal of propellant by incineration, especially open-pit

incineration, is regarded as wasteful and harmful to the environment.

Recovery of the propellant ingredients is seriously being considered. If
the degradation of the propellant and/or the dissolution of the solids is
the first step in an ingredient recovery scheme, then the overall process
incorporating both case reclamation and propellant ingredient recovery may

be favorable economically.

Most of the effort in Phase ILI, therefore, was expended in tests to. further
evaluate the propellant removal methods and to determine the associated

risk of damage to the insulation and/ox the case. Evaluation of insulation
removal methods and reinsulation of the case was limited: since the investi-
gations previously concluded during the Thiokol third stage Minuteman IIIL

salvage tests were considered to be appliicable and definitive.

The results of the third stage Minuteman III indicated that the casés could
be economically salvaged with minimum damage to the internal insulation.

The risk of case damage involved with removal of the internal insulation and
replacement was too great to warrant consideration with aged motors., Case
salvage is most feasible where the motor is not aged and the insulation may

remain intact.

Cc-10
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PROPELLANT REMOVAL METHODS

Hydromining

The primary objectives of the hydromining tests were accomplished. The

results obtained were as follows.,

1. Cutting rates were measured and correlation between propellant properties
was obtained.

2, Hot-water, low-pressure hydromining appeared to be to be beneficial,
Cutting effectiveness was increased for scme propellant. Other pro-
pellant hot water hydromining may have little or no beneficial effect.

3. Class 1.1 propellant was tested at conditions which were felt to be
extreme and no ignition was evident. These tests were not conclusive.
Though indicative that class 1.1 propellants can be hydromined,
additional testing of each particular propellant would be required
to determine under what conditions ignition may occur.

A total of 128 tests were conducted on propellant samples. Three nozzles

having throat diameters of 0.055, 0.085 and 0.125 inches were used. The

smaller 0.055 inch nozzle has an elongated converging section which produces

a very fine, pencil-lead-type spray for seQeral feet, The samples were placed

two inches from the nozzle exit. The test results have been grouped by

propellant in Table I. The propellants are identified in Section B of

Table I. The normal procedure was to increase the pressure incrementally at

a given water temperature until the water cut through the four-inch thick

propellant sample. Each test consisted of a sweep period when the nozzle

was rotated onto the propellant and a dwell period after the nozzle came to

rest with water impinging on the propellant loaf carton. During the high

pressure (10,000 psi) and hot water ( 190°F) impact tests, a steel plate

was placed behind the carton to increase the severity of the test. The

testing of the CYH propellant was limited to the high-pressure, hot-water

impact conditions due to the limited supply of CYH propellant.

Figures 1 through 6 show the test facility and equipment used ir the impact
{hydrominingj tests., Figure 1 shows the remote control bunker with the air
flow valve and electrical switch in the entryway. The water blaster, con-

sisting of a reservior, high-pressure water pump and a diesel engine to drive

Cc-11
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WATER IMPACT TEST.

45° ANGLE.
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the pump 1is shown in the bhackground. The test pit where the test fixture

was located is shown in the far background between the bunker and the pump.

Figure 2 shows the water blaster with the steel-braided, high-pressure

hose attached to the pump outlet, just below the pressure gauge. Figure 3

shows the test fixture with water flowing. The target, either propellant or
3 the insulation/case sample, was held in the wood clamp on the left of the

fixture. When air was supplied to the cylinder via the vertical oil reservior
on the right of the fixture, the lance was rotated until it impacted the

target.

Figure 4 shows a closeup view of the nozzle and wood clamp with a sample
of case with insulation in place. The abrasion of the insulation is clearly
visible. Figures 5 and 6 show views of the fixture while water is impacting

Bl e
- 5

t > .
s

a target. The blocks on the pallet in the foreground of Figure 6 were used

to held the case/insulation samples at different impingement angles.

Blocks of propellant, obtained from casting propellant in }-gallon ice

cream cartons, were used for the impact and cutting tests. Initially a

Ml
e e e e v St o it

test duration of one minute was selected. The sweep time, time for the lance
to swing from its starting position until it came to its stop point on the
propellant, was determined by observations made during dry runs. Later,

more accurate times were obtained by observing the water plume from the
bunker entrance. The dwell time was measured from the time the sweep of

the lance stopped until the power was cut on the pump motor reducing the

pump pressure to its idle speed.

Figures 6 through 12 show selected views of the propellant after measuring
the depth of the cuts. The propellant was cut along the path of the sweep

‘ cut. The average depth of the cut was measured. The dwell cut located
in the center of the sample was also measured. Samples 146 through 151 were
impact tests conducted at 10,000 psi water pressure and 190°F water temperature
with a steel plate backing the sample. In Figure 12 the sample of CYH
propellant had the propellant still bonded to the insulation and case sectilon

as it was cut from the motor. Although the insulatjon was not cut through

during the sweep, both the insulation and the case were cut through during

the dwell period.

Cc-25
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SAMPLES OF VRP PROPELLANT CUT BY WATER JET
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TWR-30684

The data were analyzed by regression analysis to determine how the cutting

rates varied as to type of propellant, water pressure and water temperature.

Figure 13 shows the normalized sweep cutting rate, the sweep cutting depth
times the speed, versus the water pressure for TP-H1202 propellant. All
data were regressed using a power function to fit the data. The resulting

equation was:

Cutting Rate = 8 (10_6) (water pressure)l°8 Square inches/second

R? = 0.611

S =0.625

yx
The data was then grouped by the water temperature and the data at each
temperature was regressed. The results shown in Figure 13 indicate that
there is little if any effect ou the cutting rate due to temperature in
this temperature range from 60°F to 190°F. The results are summarized in

Table II.

Next a linear multiple regression program was used with temperature and
pressure as the independent variables and the normalized sweep cutting rate
as the dependent variable. The results, summarized in Table III are shown
graphically in Figure 14. These results show that while using hot water
had a definite effect of increasing the cutting effectiveness for ANB-3066
propellant, the effect was slightly less for TP-N1035 and VRP propellants.
Increased temperature apparently had a slightly negative effect on the cutting
effectiveness for TP-H1202 and TP-H1207 propellants. The low coefficient of
correlation, RZ, for the TP-H1207 propellant is probably due to inaccuracy

in determining the cutting time during the earlier impact tests.

The data were regressed using a linear curve fit for the normalized sweep
cutting rate versus the water pressure. These results, plotted in Figure 15
show that that the cutting effectiveness or rate increases in the order of
ANB-3066 > TP-H1035 > VRP > TP-H1202 > TP-H1207. Comparison of this order

with the Shore A hardness of the propellart indicates this may be an inverse

C-32
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/

TABLE II. SUﬁMARY OF REGRESSION ANALYSIS*OF THE SWEEP CUTTING RATE FOR
TP-H1202 PROPELLANT 'AT VARIOUS TEMPERATURES

Temperature A B R 8 N
65 2.87 (107%)  1.949  0.617 0.679 8

100 1.08 (107 1.530  0.688 0.599 7

150 4,40 (107 1.100  0.969 0.165 '

170 1.75 (107%)  0.303  0.7122 0.189 3
Overall 8.01 (10°%  0.300  0.6107 0.6254 24

* A power fit, y = Ax was assumed.

TABLE III. SUMMARIZED RESULTS OF LINEAR MULTIPLE REGI7SSION ANALYSIS OF
CUTTING RATE DATA FOR VARIOUS PROPELLANTS (7 = A + Bx + Cy)

2

Class Propellant A B C R® N
1.1 VRP -2.19  2.85 (10°%  3.39 (07} 0.1 17
1.1 TP-N1035 -2.81  2.57 (10™%  4.86 (107  o0.82 19
1.3 TP-§1202 -0.42  2.49 0°Y  -4.46 (107°)  0.68 27
1.3 TP-H1207 0.05  1.50 0™  -2.50 0™ 0.33 36
1.3 ANB-3066 3,50 ¢ 2.85 (1074 1.00 (1073  0.96 10

TABLE IV. SUMMARY CF RESULTS OF LINEAR REGRESSION OF THE NORMALIZED SWEEP
CUITING RATE (Y) VERSUS THE WATER PRESSURE (X)

(Y = A + BX)

Class Propellant A B R2 $

1.1 VRP -0.079 0.0003 0.656 0.722 4
1.1 TP-H1035 0.032 0.0003 0.717 0.652

1.3 TP-N1202 ~0.054 0.0002 0.395 0.640

1.3 TP-N1207 0.158 0.0902 0.183 0.904

1.3 ANB-3066 -0.222 0.0003  0.888. 0.342
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TWR-30684
function; i.e., cutting depth appears to be inversely proportional to the
Shore A hardness, except the order of TP-H1207 and TP-H1202 would need to
be reversed. The low value of Rz, the correlation coeeficient, for the cutting
depth data of the TP-I11207 propellant indicates that there may be sufficient
error in the data for the suggested correlation to exist.

1

The cutting effectiveness cf the nozzle was compared by plotting the lowest
pressure and temperature at which the propellant was cut through. The graph,
shown in Figure 16, ignores the slight variations in the sweep rate but does
give an indication of the dependence of the cutting rate on the nozzle size.
These data show that as the nozzle diameter increases, the cutting rate
increases. These data indicate that the general trend is that as the

temperature is increased, the cutting rate is increased.

Economically, the most efficient nozzle may be the smaller nozzle. As the
water flow rates increase with increased pressure and/ér nozzle diameter,
consideration of the costs: 1) of water, 2) of removal of water from the
propellant waste, and 3) of heating the water becomes important, Table V
lists the water flow rates calculated for the range of pressures used during
the impact tests. The exit velocity was calculated based upon the cross-

sectional area of the nozzle.

In summary, hydromining appears to be a viable method of propellant removal
for both Ctass 1,1 and 1.3 propellants. A potential does exist for damage

to the case, particularly for Kevlar cases; however, shielding can be designed
to give adequate protection from the water. Damage to the insulation

can be minimized by utilization of hot water and low pressures for removal

of the propellant near the insulation., The basic cause for damage to the
insulaiion would resuit from stopping the travel and impacting the jet at

one location for too long a period of time. This could be avoided by having
an interlocking system which shuts off the water immediately when the

travel is stopped.
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TABLE V. WATER FLOW RATES FOR THE AMERICAN AERO PUMP. FLOW RATE (GPM) =
0.00976 TIMES PUMP SPEED (RPM). PUMP PRESSURES CORRESPOND TO PUMP
SPEED AS OBSERVED DURING TESTING.

Nozzle Pump Flow Velocity Pressure
Size REM GPM Ft/Sec __psi .

.125 500 4,88 127.5
6o 5.86 152.7

b 700 6.85 178.5 500

800 7.81 204.2 750

900 8.78 229,5 900

1000 9.16 255,2 1000

1500 14,64 382.7 2000

2000 19.52 510.3 4000

2200 21.47 561.3 10000

.085 500 4,88 275.9 1800
600 5.86 331.3

700 6.83 386.1 3000
800 7.81 441,35

900 8.73 496.4 5000

1000 9,75 551.8 6000

1500 14.64 827.8 10000

.055 500 4,88 659.0 3800

660 5.86 791.3 5000

700 6.8% 922.3 7000

800 7.81 1054.6 9000

900 8,78 1185.6 10000
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6.1.2

TWR-30684

Machining

The objective of the milling tests were to determine the optimum milling
conditions for different propellants and attempt to correlate milling
costs with the characteristics of the propellant. The primary concern was
to determine if class 1.1 propellants could be milled at sufficiently high

rates as to be economical.

The method of investigation to be used was to experimentally mill various
propellants at blade tip speeds from 2 to 3 feet/second at cutting depths
of 1/8 to 1/2 inch and measure the cutting force required and the blade
temperature at the different propellant removal rates. Using heat transfer
and thermodynamic data for the respective propellants, the heat flux could
be calculated and compared with the ignition time as determined from arc

image furnace tests,

Because an extensive amount of data was found in literature and in unpublished
Thiokol reports, the tests were somewhat modified to attempt to improve

milling speeds above what is currently practiced.

It was concluded from the results of this effort that any of the listed pro-
pellants (VRP, TP-N1035, CYH, TP-H1202, TP-H1207, ANB-3066) could be safely
dry-milled at cutter tip speeds up to 28 feet/second and feed velocities up
to 15 inches/minute with no measurable temperature rise in the propellant.
The principal hazards which highly recommend the wet machining operation over
the dry machining operation are potential ignition due to tool breakage or
foreign objects in the propellant. The cutting rates achieved with a new
cutter used in these tests appear to be much higher than is currently
achieved using tooling developed for laboratory sample milling operations
and C4 cutback operations. New cutting rate predictions will be determined
for use in the cost model developed in Phase I1 based upon these cutting

rates and those determined by hazards analysis.

C-40
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Teletemp indicator dots were previously used at Thiokol to attempt to measure
the blade temperature during machining to remove inert C4 propellant from -
motor TD-0014. A sketch of the machining blade is shown in Figure 17.

Cutting parameters were: Rotational speed = 50 rpm; cutting depth - 6-7 inches;
feed rate = 2.4 inches/minute. The initial propellant and blade temperature
was 70°F. Two tests were conducted and no dots discolored indicating the
temperature increase was less than 100°F. Subsequently, 100 and 110°F

teletemp dots were used during initial machining cuts of the TD-0014 motor.

The initial temperature was recorded as 81°F. During six separate cuts, a slight
discoloration was observed on single 100°F dots during three of the tests.

No discoloration was observed on 1l0°F dots. This indicated a maximum tempera-

ture increase of the cutting tool of 19-29°F.

An attempt was made to use a Barnes infrared thermometer to measure the
propellant surface temperature during machining. A special 5-inch diameter
butterfly cutting tool was designed to allow the thermometer (in an explosion

proof box) to be placed near the propellant being machined as shown in Figure 18.

The temperature thermometer was calibrated at 90 and 200°F points and assumed
linear between 75 and 250°F. During the cutting process, the thermometer
remained at 75°F. To verify that the theimometer was capable of measuring
under these conditions, a block of propellant was heated to 160°F then placed
in the mill vise. The reading of 120°F indicated that the thermometer reads
low for this spectral color of propellant (non-black body). It was concluded
that the thermometer could not read the blade or propellant temperature

accurately.

The cutter was then used for a series of machining tests. At the end of each
cutting test, the propellant surface and the blade were felt by hand and no
noticeable temperature increase was detected. The range of parameters

tested were: cutter rotational speeds (18 to 1300 rpm), feed velocities

(0.5 tc 15 inches/minute), cutting depths (0.2 to 0.5 inches). A significant
improvement of this cutter over those currently being used for machining
propellant blocks was that the chipe and/or ribbons of propeiiant pass
through the hole in the cutter and are thrown into the milling tray and not

accumulated on the propellant surface (See Figure 19). It was concluded

C-41
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- \J

DOT LOCATIONS

A

A il N

£

100 & 120 F DOTS ON ONE SIDE

130 & 150 F DOTS ON OPPOSITE
SIDE

FIGURE 17. SKETCH OF SPADE DRILL BLADE USED TO MACHINE C-4
PROPELLANT FROM MOTOR FD-0014 SHOWING LOCATION OF
THE TELETEMP INDICATGR DOTS.
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that the cutter dissipates the heat rapidly and the heat rise in the pro-

pellant due to compression and friction was too slight to observe.

A hazard analysis of the cutter was -made (Appendix A) with the method of
2
Hikida.

conservative but do demonstrate the type of analysis that is available and

The results of the analysis, given in Appendix A, were admittedly

that can be performed in the design of any machining operation that would
be performed during case salvage .operations. An additional precaution. that
should be taken in higﬁ speed machining of NG-type propellants is to
determine if the desired speed predicts temperatures which would produce
NG decomposition. An experimental monitoring method would be to use a LIRA
analyzer to look for NG decomposition products, e.g., nitrogen oxides, in
the chip removal duct or near the propellant surface. Speeds that produced

detectable decomposition could thus be avoided.

The arc-image furnace has been used extensively as a laboratory tool for

characterizing the ignitability of solid propellants. Since the ignition

source is radiant energy, a fraction of the radiant energy is reflected and
the delivered heat flux must be presumed greater than that required to ignite
the propellant., A fraction of the radiant energy is absorbed into the interior

of the propellant since it is not opaque to radiation. It is therefore

argued that ignitability data from arc-image furnace tests can be misleading
and 1s not representative of heat transfer to propellant where convective

or conductive modes of transfer are predominant, A papér was found describing
a correlation between solid propellant arc-image data‘with the propellant

burn rate. This predictive capability plus the data already available from
various souces was judged to be sufficient to fulfill the needs of this
program. Measures to obtain specific arc~image data was terminated.

o

2Hercu1e8 Incorporated memorandum Mi5C
Heat Generation from Dry Machining of
August 1972,

~n "

12 2 nn rd
J018U=-3U33
Solid Prope

azards), "Aualysis of

o1
llant," E. T. Hikida.
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For composite propellants, the time to ignition as a function -cf :the radiant
heat flux can be obtained from the burn rate of the propellant according to
the correlation developed by Derr and Fleming:3 shown in Figure 20, Data

for VSB and VRA propellant, close analogs to VRP propellant are given in
Figure 21. Ignition and burn rate data for VIG-5A propellant are -given in
Figures 22 through 24 These examples are typical of what is available
in literature. These data are accéptable for the use proposed in this study.
Development of a comparable correlation to Derr and Fleming's £6r crosslinked,
double-base propellants, if it does not yet ‘exist, is considered to be beyond
the scope of this study.

A compilation of the safety data and mechanical properties data for the six

propellants is given in Tables VI and VII,. respectively.

In summary, it was concluded that the bulk of the propellant can be safely
removed by either wet or dry machining. Dry machining would eliminate

any potential damage water may do to the case. Wet machining requires
taking precautions to eliminate contact of water with the case. This

is successfully done during cutback operations on C4 motors where VRP
propellant is removed from the forward end by wet machining. Removal of
the last inch or two of propellant near the insulation would increase the
potential of damage to the insulation. Low pressure hydromining remains

the best method. for removal of the residual propellant.

3y Derr, R. L. and Fleming, R. W., "A Correlation of Solid Propellant Arc-~Image
Ignition Data", Lockheed Propulsion Company, Redlands, CA.
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‘FIGURE 22, BASELINE LASER IGNITABILITY DATA FOR 250 PSIA FOR

FIGURE 23.

VTG-~-5A PROPELLANT. (Source: A,I.Atwood et.al., "The
Effect of Aging on Ignition of Trident VTG-5A
Propellant'",NWC, China Lake, Ca.)
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IGNITABILITY OF AGED VTG-5A PROPELLANT. AGED iAT 75 F
AND 307 EELATIVE HUMIDITY. (Source: A.L. Atwood, et al)
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FIGURE 24. BURN RATE OF AGED VTG-5A PROPELLANT. AGED AT 75 F
AND 30% RELATIVE HUMIDITY,
Source:A.I.Atwood, et.al., "The Effect of Aging on
the Ignition of Trident VIG-5A Propellant', NWC,
China Lake,Ca,
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TWR-30684

6.1.3 Burn Out

The simplest, most direct method of removing the propellant is to burn it
out. Burnout under controlled conditions, similar to a static test firing,
would remove propellant, flap, liner and part of the insulation and would
further eliminate the cost of propellant waste disposal. The currently
unanswered question about this method is the assessment of the risk of
damage to the case due to possible localized heating which could occur.

To answer this question, a computerized heat transfer study was initiated.

Two motors, first stage MX and third stage Minuteman, have been analyzed
to determine whether reduced pressure burning is feasible from a thermal

standpoint.

For relatively high pressure motors such as first stage MX, reduced pressure

burning is not feasible from two aspects. First, the case/insulation interface

temperatures reach unacceptable levels (895F) leading to case degradation. Seccud,
slag accumulation burns completely through the insulation and through several

windings of the Kevlar case leaving it unsuitable for reuse.

ot e ki (i i

o

For low-pressure motors such as third stage Minuteman, reduced pressure

burning is a high risk method of case salvage. Case/insulation interface

i
v

temperatures are marginally acceptable. A CO2 quench rather than water would

be necessary. Slag accumulation varies a great deal in this type of motor

but would always be a potential cause of case degradation.

The thermal analysis was performed using CMA, an Aerotherm one-dimensional
heat ransfer computer program which calculates the temperatur 2radient
through multiple material layers and accounts for decompositio.. and ablation.
This program has been used successfully on many motor désigns to evaluate

insulation performance. Several locations in the motors were analyzed at

reduced pressure levels to evaluate the case/insulation interface

== temperature, The thermochemistry input for the different propellants and
0 pressure levels was calculated using the Aerotherm Equilibrium Chemistry

\-;‘\

;- (ACE) computer program. The combustion gas composition and properties were

calculated using the NASA Lewis Chemical Equilibrium computer program at

each pressure level,

‘ c-53




B2y

e o S——
- s -

TWR-30684

Static test data from the MX and Minuteman programs was used to determine
the boundary conditions at various locations in the motors by varying the
heat transfer coefficient to match the messuved insulZtion I%ss rates. Once
the heat transfer coéfficients were known at the standard operating pressure.
level, they were then adjusted for the reduced pressuée level by:

.8
Pryt o

h G >
Where: hr = heat transfer coefficient at reduced pressure
P = reduced pressure value
- P '= normal operating pressure

b = heat transfer coefficlent at normal pressure level

Other boundary conditions including radiant heat flux, recovery enthalpy

and thermochemistry were calculated using the above mentioned:-programs.

The propellant burn rate equations were known from characterization studies

and the normal burnback pattern was modified for the new burn rate corresponding

to the reduced pressure level. This gave the time the insulation was exposed
to chamber conditions at the various locations.
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The case/insulation interface temperature results are shown in Table VIII
for MX. The hottest location is in the aft cylindrical area of the motor.
To determine the worst case, queach effects were not included. However,
because the temperature reaches its peak soon after burnout, a quench would

not be helpful in veduvcing the temperature at the worst location. (Location 5,
center area of the cylinder.)

In three static tests of the first stage MX, the slag accumulation varied
from 76 to 213 pounds. The slag extended the length of the cylindrical
section and had a width of up to two féet. Despite a high flow rate CO2
quench, the slag burned through the insulation and through several windings
of the Kevlar case. The large amount of slag virtually eliminates low

pressure burning as a case reclamation technique for this motor.

Since the normal operating pressure of third stage Minuteman is relatively
low, only one reduced pressur.: (200 psi) level was analyzed. The results
are shown in Table IX. The presence of stress relief flaps which do not
completely erode prevents accurate assessment of boundary conditions in the
outboard areas of the forward and aft domes and thus the number of analyzed
locations was decreased. However, the locations shown are believéd to show
the general effect of reduced pressure operation. Since a water quench does
not provide uniform cooling, a C02 quency would be necessary to minimize

pot-burn heat soak effects.

Slag accumulation varies greatly in the Minuteman motor ranging from .1
pound to over-10 pounds. The amount of slag cannot be accurately predicted
put since the alumina particle size increases with decreasing pressure, the
accumulation is expected to be greater at reduced pressure. The possibility
of cnough slag to damage the case would therfore be quite likely,

In summary, for motors which normally operate at high pressure, the large
4ncrease in exposure time will result in excessive case/insulation interface
tomperatures. Low pressure motors will not experience such a large exposure

tima increase and temperatures may remain acceptable. Slag accumulation will

Cc-55
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1 = Forward polar boss

2 = Aft polar boss

1= Afe ¥ 3oint

5 = Center area

4 = Aft end of cylinder

of cylinder
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TABLE VIII. First‘Stage MX Temperature Prediction
) Exposure . Time After
Pressure Time Peak Case/Insulation Burnout
Location* (psia) (sec) Interface Temperature (°F) (sec)
1 200 125 397 200
2 200 125 79 300
3 200 97 295 300
4 200 48.6 446 60
5 200. 9.7 895 4
1 600 77 301 180
2 600 77 81 300
3 600 59.9 234 300
4 600 30 348 60
5 600 6 690 6
1 900 65 278 180
2 900 65 85 300
3 900 50 232 300
4 900 25.3 320 40
5 900 5,1 631 6
XLocations

ket B
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LABLE IX. Third Stage Minuteman Temperature Predictions
-Exposure ) Time After
Pressure Time Peak Case/Insulation Burnout
Location* (psia) {(sec) Interface Temﬁera;ure (°F) (sec)
1 200 71.9 299 60
2 2000 . 61.4 274 120
3 200 6.2 326 26
1 525%% 54.9 297 ‘120
2. 525%% 46.9 251 120
3 525%% 4.7 290 24
*Locations

1 = Forward polar boss
2 = Aft polar boss

3 =-Aft end of cylinder

*ANormal Operation Pressure
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present a high risk of case damage unless taken into account in the initial

insulation design. Such a- redesign could provide acceptable low pressure

{

B
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performance but would carry a flight performance penalty due to added weight.

It was concluded that the normal window bomb tests would not verify the
above results. In the window bomb tests, the propellant burns normal to the
surface and no insulation is exposed until the instant of f£inal burnout.
This does not compare to the severe condition described above nor does it
represent the extended duration of heat transfer that would occur during the
quench periodl Modification to the window bomb test was examined to obtain
| a more realistic tect. This attempt was unsuccessful and development of a
test method for this purpose was deemed to be beyond the scope of this task.

As a secondary removaltmethod, burning the residual propellant decreases the

risk to the case but the economic advantage is lost. It is feasible to remove

most of the propellant by machining and then burnout the last 1-2 inches

T TS Ml

fext to the insulation. Agglomerate deposition would be greatly decreased
but the cost of removal, for ignition devices and reusable nozzles, would be ,
greater than removing the balance of the propellant by low-pressure. hydromining;

hence, this method ha¥ ke been considered further. As a primary removal

metnod, the riské%éé case dashige are too great to be genmerally accepted.
"~ This does not préglude that aﬁ individual case might be developed where
burn out could ﬁé;effective. G
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Solvent Degradation of the Propellant

From an economic standpoint the utilization of solvents for propellant removal
appears to be untenable, First, there 1s the relatively high cost of the
solvents (unless water or steam is acceptable). Next, there are the higher;&; -
equipment costs for handling the solvents, most of which are toxic or hazardbus,
and for thelr recovery for recycle. Finally, there is the increased potential
of dgmage to the insulation and case. The reasons for conducting the solvent

degradation tests are briefly:

1. Can the use of solvents desensitize the propellant to enable it to
be removed more safely (particularly applicable to class 1.1 propéllants).
2, Can degradation of the propellant during removal be integrated
into the overall salvage operation to incorporate propellant ingredient
recovery into the waste disposal process; thus, defraying the case

recovery cost with benefits derived from ingredient recovery,

The format for solvent degradation tests was as follows:

1. Identify solvents which cause degradation of specific propellants.
2, Determine the hazards associated with solvents aad with propellant/

solvent mixtures.

3. Identify the effects of solvents on insulation,
4, Identify the effects of solvents upon the case.
5. Identify the effects that solvents may have on relining and subsequent

reloading of the case.
6. Identify the effects that solvents may have on rebonding flaps and/or
additional insulation to the remaining insulation,

Twenty-eight solvents were selected for testing the six propellants for
degradation and/or desensitization. This does not preclude the possibilitv thet
another solvent mav be better, tut the solvents chosen were sélected as likely
eandidatas baged upon references reviewed: during the literature search in

Phase 1. These solvents are listed in Tahle X toeether -with data useful

in assessing potential hazards agsoeifated with their usage.
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Screening evaluations i+ of the effects of twenty-eight solvents on six
different propellants (ANB-3066, TP-H1207, TP-H1202, CYH, VRP and TP-N1035)
were completed, Small %-inch cubes of propellant were placed in each solvent,
The samples were observed over a 24-hour period with sampling occurring at
the %, 1, 2, 4, 6, 8 and 24 hour interval. The results of this original
screening are given in Table XI,

Following the initial screening, larger propellant samples were subjected

to the solvents. Potassium hydroxide (KOH) was added to some of the solvents
to evaluate synergistic effects of adding the base to the organic solvent,
The results of these preliminary tests are given in Table XII. These results

are summarized below.

1, ANB-3066 Propellant. Five solvents softened the propellant, making

it easier to cut. Two solvents, toluene and benzene, also swelled the

propellant. Addition of potassium hydroxide (KOH) to tetrahydrofuran

(THF) did not appear to enhance the degradation.

2. TP~-H1207. Five solvents softened the propellant. Carbon tetrachloride
also made the residue sticky which would hinder further processing.
Addition of KOH to ether (ethyl) did not enhance degradation.

3. TP-H1202. Five solvents softened and swelled the propellant. Addition
of KOH to THF did not enhance the degradation.

4, CYH. Five solvents degraded the propellant by completely dissolving
the binder. Addition of KOH to THF produced an exothermic reactionm,
probably deccmposition and hydrolysis of the nitroglycerin (NG).

5. VRP. Four solvents indicated degradation by softening and swelling
the propellant. Addition of KOH and dimethylsulfoxide (DMSQ) dissolved
the binder and produced an exothermic reaction. In addition to the
probable decompcuition of the NG, a potential decompatability between
sulfur and ammonium perchlorate (AP) may also contribute to the
exothermic reaction.

6. TP-N1035, Four solvents evidenced degradation by softening the pro=-
pellant. Addition of DMSO and KOH dissolved the binder and produced
an exothermic reaction. The same reactions suggested f£nor VRP propellant
probably apply for TP-N1035 also.
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TABLE XI. Results of Solvent Screening Tests on Propellarits
Number of
TP-N ANB TP-H TP~H Propellants’
Solvent VRP 1035 CYH ' 3066 1207 1202 Affected*
Acetone - - X - X X 3
Acetonitrile - - X - X X 3
Carbontet rachloride - - - X X X 4
Chloroform - X - X X X 4
Cyclohexane - ~ - X X X 3
DMF X X X - X - 4
_ DMSO X X X - X - 4
pDioxane X X X - X X 5
Ether - - - X X X 3
Ethyl Acetate X X X X - X 5
Hexane - - - - - X 1
Methanol - - X - - - 1
Methylene Chloride - - - X X X 3
THF X X X. X - X 5
Toluene "o - - X X X 3
-Benzene - - - X X X 3
;csz X - - X - - 2
Ethylene Glycol X X - - - - 2
Methyl Cyclohexané X X - - - - 2
‘MEK - - X X X X 4
1 methyl=2 pyridine - - - - - f - 0
l-propanol - - - - - - 0
2-propanol - - - - - - 0
Tetrachloroethylene X X - - X - 3
Tetramethylenesulfane - - - - - - 0 -
Trichlorcethylene - - - - - - 0
2,2,4 trimethylpentane ~ X - - X - 2 N
M-xylene © - C - - X - - 1
* This number indicates the number of 'propellants, of the 'six tested, which
were positively affected by the solvent. . .
X - indicates a posit{ive affect, softening and/or swelling of the propellant
by the solvent. '
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The samples of the contaminuted solvents and propellant residues were tested

to determine hazard potential (via safety tests) and composition,

Penetrometer readings were taken after soaking one side of one-inch square

cubes of propellant in varying solvents for 24 hours. The cubes were soaked to a
depth of 5 mm on one side in solvent and readings were taken at 2.5, 11.0

and 18.0 mm from the base of the side soaked. Tho results were tabulated

in Table XIII. All solvents had a softening effect on all the propellants.

Ethyl acetate, a relatively polar sclvent, apparently had less softening
effect on the TP-H1202, TP-N1035, VRP and ANB-3066 propellants than did THF.

THF, in general, affected the propellants the must when in contact and was

also absorbed slightly better than ethyl acetate, methylene chloride and
cyclohexane. CYH propellant was tested with each solvent and, in all cases,

the propellant softened to such a considerable degree that it was impractical
to handle and analyvze properly.

Penetrometer readings indicate that THF is the solvent that is best absorbed

by a majority of the propelilants. Ethyl acetate is also a solvent that is
absorbed and softens the propellant.

After the propellant was removed from the solvent for the penetrometer tests,
the solvent was tested by Fourier Transform Infrared Spectrometry (FTIR)
to determine the component(s) of the propellant removed by the solvent.

Table XIV lists the ingredients extracted by the various solvents.

Shore A Hardness Test

Procedure. 1 x Y% x % samplos of propellant were placed in 25 mlr of solvent
and allowed to soak for 24 hours. The solvent was then decanted from the
solid cube of propellant. Shore A testing was done immediately after the

solvent was removed and then again 18 hours after air drying at ambient
temperature.

C-65
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TABLE XIII, Penetrometer Readings on Solvent Affccted Propellant

Methylene
Before Ethyl Acetate _Chloride T CIRE Cyclohexane
::i:;:; Distance From Solvent Soaked Edge of-Cube, d**
Propellant (mm) 2.5 11 18 2.5 11 18 2.5 11 18 2.5 11 18
TP-H1207 25 . 67 S4 47 107 S5 48
TP-H1202 16 100 42 42 103 45 41 260 75 45 'S8 34 32
ANB 3066 17 75 52 41 50 39 32 3Si 80 . 52
TP-N1035 23 43 37 38 U522 46 46
VRP 27 45 38 40 70 48 49
cY’ 6 * * * *

% Softened and even though, kept a shape, was toc messy to handle.

#% Location

{

Oﬁ:
N}
T

Depths of -j

Solvent, 5 mm

205 m} o
11 nrn-
A18 m 4
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TABLE XIV. INGRED1ENTS EXTRACTED FROM PROPELLANTS BY SQLVENTS
PROPELLANTS
SOLVENT CYH VRP TP-H1207 TP-H1202 TP-N1035 | ANB-3066
i THF NG, NC NG HC Polymer | HC Polymer | NG CTP3
PCP 2NDPA AP AP
. PGA HMX
DMSO ‘PCP, NG NG HC Polymer HC Polymer NG -
AP PGA PCP
Methanol NG NG AP AP NC AP
PCP
Benzene NG NG HC Polymer HC Polymer NG CTPB
Acetone NG, HMX NG AP AP NG AP
PCP, AP PGA HC Polymer { HMX CTPB-
Triacetin HMX
Ether NG NG HC Polymer | HC Polymer | NG AP
PCP PGA
DMF NG - - - NG -
HMX
Ethyl Acetate NG NG HC Polymer HMX NG CTPB
PCP 2NDPA HC Polymer TMETN
PCP
HMX
Methylene Chloride NG NG H Polymer HC Polymer NG CTPB
PCP HMX
HMX
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Shore A hardness tests (using nine different solvents) on the six different
propellants indicated that THF, methylene chloride and ethyl acetate were
solvents which softened the propellants best (See Table XV). Ether
appeared to harden thé CYH, VRP and TP-N1305 propellants.

T

T

L
— et

] Results of safety tests on the solvents, containing the propellant extractables -
i and on the propellant residues, are summarized in Table XVI. Safety tests on
= the propellant residues are given in Table XVII. +

It has been reported that aqueous ammonium hydroxide is very effective in
degrading the polyurethane binder system in propellants. TP-11202, TP-K1207

and ANB-3066 propellants were subjected to 1 N. aqueous ammonia for two weeks.

The effect on the propellant was minimal and comparable to the effect of soaking

in water. The propellant was slightly swollen and the AP dissolved as occurs in

water. No further use of this reagent is recommended.

Specific tests were conducted on propellants containing nitroglycerin (#G), nitro-
cellulose (NC) and HMX to identify practical means for deactivating these constituents

or, iﬁ the case of‘HMX, for dissolution from the propellant and for recovery. The

results were as follows:

Thirty grams of VRP and TP-N1035 were placed in 100 mls of five different
solvents. Samples were taken at various times and analyzed by HPLC for HMX

content. Samples were also analyzed for nitroglycerin leaching by IR analysis.

Table XVIII lists the results of HMX leaching from CYH, VRP and TP-N1035
propellant. Acetone appeared to dissolve HMX the best with MEK being the

next best solvent. Cyclohexane in all thrée cases was a very poor solvating
agent., Tﬁese results match closely with the polarity of the solvents as would
be expected. Acetone being the more polar solvent, should solvate polar »

compounds better than nonpolar solvents 1ike cyclohexane. See Table XIX

for polarity data on the solvents. ¢

The desree of leaching of nitroglycerin from VRP, CYH and TP-N1035 using acetone,
MEK, ethvl acetate, TRF and hyclohexane can also be correlated with the polerity
index of these solvents. Acetone, MEK, ethyl acetate and THF all have large
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TABLE XVIIT. HMX LEACHING FROM PROPELLANT TWR-30684
A. VRP
Time
Solvent 1 Hour 2 Hours 4 Hours 8 Hours 24 Hours 48 Hours
Ethyl Acetate
mg/ml 0.51 0.85 1,04 1,03 1.01 -
x 9 8 7 6 4 -—
Acetone
mg/ml 2.4 3.6 5.1 7.4 10.4 -
% 23 24 22 18 18 -
Methyl Ethyl Ketone
mg/ml 1.7 2.1 3.2 3.6 4.0 —
% 21 20 20 16 12 -
THF
mg/ml 0.9 1.1 1.5 1.5 1.7 1.7
% 4 5 6 5 4 3
Cyclohaxane
mg/ml 0 0 0 0 0 0
% 0 0 0 0 0 0
B. TP-N1035
2 Hours 4 Hours 24 Hours
Ethyl Acetate
mg/ml 0.9 1.5. 1.9
4 6 7 5
Acetone
ng/ml 7.7 12,0 17.3
% 26 28 25
Methyl Ethyl Ketone
mg/ml 3.6 5.9 8.2
% 17 17 15
THF
mg/ml 1.2 1.6 2.7
A 3 3 3
Cyclohexane
mg/ml 0.02 0.001 0.02
% 0.6 0.04 0.3
C. CYH
»
1 Hour 2 Hours 4 Hours 8 Hours 24 Hours
Ethyl Acetate
mg/ml 1.2 1.7 3 2.5 2.0 *
% 5 5 6 4 3
THF .
mg/ml 0.86 1.7 2.8 2.6 2.9
% 4 4 5 - 4 4
Cyclohexane -
mg/mi 0 0 0 0 0.004
% 0 0 0 0 0.13
¢ c-72
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‘W TABLE XIX.POLARITY INDEX OF SELECTED SOLVENTS

~ Polarity Index Solvent
x 6.6 Methanol
6.5 DMSO
5.4 Acetane
5.4 Ethylene glycol
4.5 MEK
4.3 Chlorxoform
4.3 Ethyl Acetate
4,2 THF
3.4 Methylene chloride
3.0 Benzene
2.9 Ethyl Ether
2.3 Toluene
1.0 Carbon Disulfide
0.0 Cyclohexane
c-73
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TWR-30684

polarity index numbers and by inspection of the percent nitroglycerin extracted

appear to extract nitroglycerin quite readily. Cyclohexane with a low polarity
index number does not extract nitroglycerin very readily.

The approximate rates of leaching of nitroglycerin from VRP, TP-N1035 and
CYH propellants are given in Table XX.

Solvent extracts of CYH, VRP and TP-N1935 propellant were subjected to various
hydrolysis and reducing conditions. The degradation of not only nitroglycerin

but also that of other nitro containing compounds (nitrocellulose in CYH)
was followed by IR analysis.

Preliminary results indicate that the nitro containing compounds can be degraded
using various concentrations of ethanol amine and sodium hydroxide solutions.
TP-N1035 ethyl acetate extract appears to be degraded quicker with ethanol

amine as catalyst than with 1.0 N sodium hydroxide solution. This is probably
due to the different solubilities of the basic solutions in ethyl acetate.

Based on the results abdve, it is concluded that solvents can be desensitized
or degraded to assist in removing the propellant from the case. Whether these
solvents can be incorporated into an ingredient recovery scheme is beyond

the scope of this program. The initial indication is that thic could be a
useful purpose Zor using solvents; however, due to the high risk of damage

to the case, it is doubtful that this method should be recommended for case
salvage operations.

C-74




T

il Rl

T D T T e
.

R T FYT TR

£ TV o Ll i S ™

bt .

TABLE XX. NITROGLYCERIN LEACHING FROM PROPELLANT
A, VRP
Time
Solvent 1 Hour 2 Hours 4 Hours 8 Hours 24 Hours
Ethyl Acetate
ng/ml NG 10.6 15.8 24,1 29.0 46,1
b4 NG 85 18 88 85 88
Acetone
mg/ml NG 13.5 18.2 27.3 51.6 69.2
b4 NG 60 62 59 61 58
Methyl Ethyl Ketone
mg/ml NG 12.5 18.8 24,4 35.7 54,6
b4 NG 82 81 76 72 78
THF
mg/ml NG 12.7 16.9 22.6 24,7 49.0%
b4 NG 30 40 49 36 56
Cyclohexane
wg/ml NG 0.6 0.8 1.2 1.5 1.9
b4 NG - - - - -
* THF samples: 48 hrs., 53.8 mg/ml; 72 hours, 52.8 mg/ml,
B. TP-N1035
2 Hours 4 Hours 24 Hours
Ethyl Acetate
wg/ml 10.8 16.8 29.0
% 64 68 n
Acetone
mg/ml 11.4 17.0 28.9
b4 39 43 42
Methyl Ethyl Ketone
mg/ml 11.9 17.5 31.5
b4 57 49 59
THF
mg/ml 9.6 13.2 28.9
b4 28 26 37
Cyclohexane
mg/ml 0.74 0.98 2,1
b4 7 16 9
C. CYH
1 Hour 2 Hours 4 Hours 8 Hours 24 Hours
Ethyl Acetate
wg/ml 15.3 20.7 29,0 33.7 35.5
b4 60 58 56 58 57
THF
mg/mt 9.1 16.1 20.8 22,7 27.4
X 37 27 28 32 34
Cyclohaxans
ng/ml 0.34 0.50 0.71 1.11 1.67
b4 8 16 29 44 58
c-75
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TWR-30684

Effect of Solvent on the Propeliant/Liner Bond Strength

Three propellant/liner/insulation systems were evaluated to assess the effects
of the selected golvent(s) upon the rebonding of each system. Each gystem
was evaluated with bond specimens that are regularly used for the respective

bond systems. These systems, and the selected solvents are as follows.

Program Bond System Selected Solvent
MX TP-H1207/UF-2186/EPDM Cyclohexane
Stage III Minuteman ANB-3066/SD~851~2/V45 Cyclohexane

C4 VRP /Powder Embedment/EPDM Ethyl Acetate

Bond specimens (90° peel and bond-in-tension) were fabricated for each of
the three systems. For direct comparison purposes, specimens were made
with insulation that had not been exposed to solvent as well as insulation
that had been exposed to solvent for 24 hours. After solvent exposure, the
insulation was prepared for lining as dictated by the production process

for each system.

The test results for all the bond systems are complete and indicate
no detrimental effects of a solvent soak upon the bond. These data are

shown below.

Bond Strength Test Results

Program . 90° Peel (pli) Bond~in-Tension (psi)
System Control Solvent Soaked Control Solvent Soaked
MX 13.0 13.5 117 1io
12,0 11.5 124 117
8.0 7.5 - -
Average 11.0 10.8 120 114
C4 7.0 7.2 107 113
7.4 6.8 109 116
- - 110 117
- - 108 114
= = 105 123
Average 7.2 7. 108 117
Stage III 8.8 11,7 68.4 81.5
17.6 10.0 76.5 62.7
12.0 18.3 66.0 74.4
Average 12.8 13.3 70.4 72.9
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TWR-30684

It is conciuded based upon these results that, in general, no detrimental
effects un the propellant/liner/insulation system would be expected. Testing
uf the specific system and the solvent selected for propellant removal would

be necessary prior to starting a large case salvage program.

N These results and conclusions appear to be aczdemic. While the use of solvents

does not appear to affect the relining and reloading of the motor, the use

of solvents has already been ruled out due to the high risk of damage to the
case by the solvent.

ra C_77
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6.3.1

6.3.2

TWR-~-30684

Effect of Solvents on the Insulation

1f solvents are used during the removal of the propellant, the insulation
will be exposed to the solvent for indeterminate periods of time. The following
tests were performed to determine whether permanent, detrimental changes

would occur to inhibit the reuse of the insulation.
The two insulations selected for testing were EPDM-053A and V-45. EPDM is
currently used in the MX first stage motor and V-45 was used in the Minuteman

III third stage motor.

Screening Tests

One-inch squares, cut from an MX Kevlar case with EPDM insulation in tact,
were subjected to each solvents {or a 16-hour period. After air drying

for 16 hours at ambient temperature, the samples were visually investigated
uand the results indicated in Table XXI, The Kevlar case material was affected
greatly by most of the solvents examined. This may be due to the fact that
the case was cut, allowing a greater surface area than normal to contact

the solvent. Further testing was considered which would circumvent

this problem of surface area soaking.

It is apparent from these results that for each case salvage operation, the
specific insulation in the case must be tested with the specific solvent to
be usad, With EPDM, of the 16 solvents tested, only cyclohexane, toluene,
tenzene, ethyl ether and carbon disulfide observably produced immediate
changes in the rubber. Whether the swelling produced permanent effects

was not determined in these tests but results of swell tests reported later
do indicate permanent effects. Perhaps the most important result was that in
seven'examples, the rubber to case bond was weakened or destroyed causing

separation of the insulation from the case resin.

Case (Glass) and V45 Insulation Solvent Soak

One~-inch squares of glass case and V43 insulation were taken directly from

a fired Minuteman case. These samples were soaked in fourteen different
solvents for a twenty~four hour period. After the soaking, the samples

were dried at ambient temperature under vacuum for eighteen hours. This

c-78
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Ethyl Acetate
THF

Toluene
Benzene

Ethyl Ether

Methylene Chloride

Acetonitrile

Carbon Disulfide
DMSO

p-Dioxane

ration,

DER

DER
Some resin §eterioration.
Some resin deterioration.

Some 'resin deterioration.

DER

No apparent resin deterio-
ration,

Some resin deterioration,
Some resin deterioration.

DER

c-79
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| TABLE XXI. Kevlar Case/EPDM Solvent Affect
i Solvent Kevlar Case EPDM
Chloroform Deteriorates Epoxy Resin Separates from Kevlar
(DER) (SK)
DMF DER K
Carbon Tetrachloride DER SK
Methanol No apparent resin deterio- No SK
ration,
Acetone No apparent resin deterio~ No SK
{ vation,
g Cyclohexane No apparent resin dete;io~ Swollen/No SK
!

No SK
SK
Swollen/SK
Swollen/SK

Slight swelling/slight
geparation,

No SK

No 8K

Swollen/SK
No SX

No SK
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drying period was not sufficient ard an additional drying period was conducted
at 53°C (under vacuum) for twenty-four hours. Weights taken at this time
indicate that, with some golvents, the samples were still not dry.

Table XXII gives the qualitative results of the effects the solvents had on
the case and V45 insulation materials after twenty-four hours of soaking.

In all cases (except that of methylene chloride) the glass case material

was, by visual observations, not adversly affected. With methylene chloride,

however, the case material separated between the two differently wound sections. -
The outer epoxy layer of the case flaked off from the glass in the cases of

THF, methanol, chloroform, methylene chloride, DMF and benzene soaking.

Only the cyclohexane, methanol, DMSO and carbon disulfide had little effect

on the swelling of the V45 insulation. This information matches well with

the swell index data obtained on V45 irsulator which follows.

6.3.3 Swell Tests on EPDM and V45 Rubber

The effect of different solvents -on EPDM and V45 rubbers was determined
using the procedure outlined in DAP-0237, Revision A. Basically, the steps
are the following.

1, A specimen about 3/8" in diameter was weighed and soaked in the solvent

for about 24 hours.
2. The samples were removed from the solvent, Jmmediately put in a tared
weighing bottle and reweighed.

3. The samples were dried in a vacuum oven at about 65°C and then reweighed.

TR )

L em——

The swelling index is calculated by:

- ._Swollen Weight (Before drying step) ’
Swelling Index Final Dried Weight (after drying) f
The percent extract is calculated by: ¥

¢
S ] oo

Weight of original sample -~ final dried weight x 100

g % Extract = Weight of original sample
‘ C"80
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. control and a smwall amount of acetone and methanol, In all three cases of

TWR-30684

From the data summarized in Table XIIIobtained on the V-45 rubber, cyclohexane,
wethanol and DMSO were the solvents which gave the least amount of swelling
with percent extracted number of 2.13, 4.22 and 5.14, respectively. The

six other solvents had percent extracted numbers greater than 9%, Percent
extracted data on the EPDM 053A insulation indicates that DMSO, methanol,

DMF and acetone gave the least amount of awelling with extracted numbers

less than 5Z. The other five solvents had percent extracted numbers ranging
from 6% to 11Z. In general, the EPDM 053A insulation was effected by the
solvents less than the V-45 insulation.

The important information to access in Table XXIII is that of the percent of
extracted material from the insulation and the volume of solvent absorbed by
the in;ulation. The V=45 (control) insulation absorbed a large amount of
methylene chloride, THF and cyclohexane and a small amount of acetons, methanol
and ethyl acetate. The V=45 (case) insulation absorbed a large amount of
mathylene chloride, T¥FH and DMF and very little ether, methanol and DMSO.
EPDM-053A also absorbed a large amount of cyclohexane and THF like the V~45

insulation, THF was absorbed to a great extent which in turn will swell the
insulation which may cause separation of the insulation from the case material.
THF and ethyl acetate both appeared to extract a large amount of materials
from the V45 case and control samples. Analysis of the extract indicates

that dioctyl phthalate and NBR copolymer (butadiene/acrylonitrile) were
some of the materials removed from the insulation. For the EPDM 0534,

THF and cyclohexane were solvents which extracted the most materials from
the insulation.

Swell and percent extracted jndicate acetone, methanol and ethyl acetate
affect V45 (control) the least; ether, methanol and DMSO affect V45 (case)
the least; acetone and methanol affect EPDM 053A the least.




ST T WTEEREATINARY S R ARy SR Y YR o Y W

TWR-30684.

PR SRS

TABLE XXIII. Solvent Swell Data on V45 (Case), V45 (Control),
EPDM 053A Insulation

P Cyclo~ Methylene ‘ ' Ethyl
f Methanol hexane DMSO Chloride Acetone DMF Ether THF Acetate
9 {
% V45 (Control)
3 . Swell Index 1.2 1.3 1.8 6.0 2.5 3.6 1.3 4,0 2.5
| X Extracted 5.5 5.8 6.7 12.0 14,0 14.0 - 14.0 15.0  15.0
o “ Volume of .04 .55 .16 77 .34 .52 242 .64 .29
: { Solvent ’

3 | Absorbed, ml

:~ V45 :ilase)
2 Swell Index 1.2 1,2 1.7 6.5 2.6 3.5 1.4 4,0 2.6
s l % Extracted 4.2 2.1 5.1 13.5 12,2 9.6 11.6 11.5 12,4
o Volume of .05 .10 17 1.04 .53 .80 .08 1.00 46
" Solvent

3 i Absorbed,ml

EPDM 053A .
Swell Index 1.1 3.6 1.3 2.3 1.3 1.3, 1.9 3.2 1.3
X Extracted 2.2 9.5 1.8 8.9 4,6. 3.4 9.9 11.0 6.6

Volume of .04 .58 .06 .16 .06 .04 .16 A4l .23
Solvent
Absorbed, ml

Definitions

Swell index.= swollen weight
fixed dried weight

% Extracted = 100X wt of original sample ~ final dried weight
wt of original sample

Volume of

Solvent, ml = (wt of wet sample - wt of dry sample) x density

c-83
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Samples of two insulation materials, EPDM-053A and V45, were subjected to

solvents for a period of 24 hours and then, at ambient temperature, dried
in a vacuum for 18 hours. The samples of V45 were obtained from two sources;
one was fresh stock (control) and the other (case) was V45 rubber stripped
from a third stage Minuteman case by the heat and peel method. The mechanical
properties of the rubber was measured to determine whether the exposure to

the various solvents had affected the mechanical properties of the insulatiom.
The results are tabulated in Table XXIV.

E ,E Tensile, elongation, modulus and Shore A information indicate that for EPDM
053A, ether, methylene chloride and THF had the least affect. THF and

L cyclohexane were solvents with the least offset on V45 (case) insulation and

| THF, ethyl acetate and acetone had the least affect on V45 (control) insulation.,

For the EPDM 053A insulation, ether, methylene chloride and THF had the

least affect while cyclohexane had the most affect. The percent elongation

of the insulation increased with over half of the solvents investigated

indicating the possibility that solvent was still present in the sample and/or

e c—— VS 1 T3 2 o T s

_a loss of materials. Percent extracted data, Table XXIII'indi¢ates that the
high strain of the DMSO sample may be due to solvent still present since
% the percent extracted was only 1.8%. The change in elongation caused by

THF is possibly explained by a loss of materials (ll% extracted).

Only ether and ethyl acetate appeared to harden the insulation. The other
solvent systems did not appreclably effect the Shore A hardness of'the
insulation. The increased hardness may be due to the removal of the

plasticizer.

The V45 (case) material was obtained diredtly from a Minuteman III case. -
The solvents which effected the insulation the most were DMF and DMSO while

THF and cyclohexane appeared to have the least effect. Once again, the . *
elongation of the insulation was affected as with the EPDM 053A material;

however, in this case, the percent elongation, strain was decreased. Percent

C~84
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TABLE XXIV.

A‘

Solvent

Control

Ether

Cyclohexane

DMF

Ethyl Acetate
Acetone

Methanol
Methylene Chloride
DMs0

THF

EPDM 053A
Stock: EPDM/CR~FB/Hi

- 1 1 2
x en

Cure: 300°F

Tensile
(psi)

2017
2066
1783
919

1914
1860
1873
2021
1988
2136

Elongation
(2)

c~-85

LS

675
663
646
688
642
701
746
726
726
152

EFFECTS OF SOLVENTS ON THE MECHANICAL PROPERTIES OF INSULATION

Modulus Shore A
(psi) (zexro time/l5 szc)
299 67/57
312 70/62
248 67/55
271 62/54
298 70/58
266 67/56
251 66/52
266 68/60
274 66/55
284 64/52




TABLE XXIV (CONTINUED)

B.

Solvent

Control

Ethér
Cyclohexane
DMF

Ethyl Acetate
Acetone
Methanol

Methylene Chloride

.DMSO- |

THF

V45 From MM III Case

NBR/HiSil 233
Production Cycle

Stock:
Cure:

Tensile
_(psi)

2325
2193
2003
1485
2105
2155
2070
2090

1585
2238

‘Elongation
(2)

c-86

600

‘560

590
510
540
510
550
510
551

540

TWR-30684
Shore A
Modulus (zero time/l5 sec)
(psi) smooth/rough
398 67/56/66/54
397 73/52/71/55
330 57/48/56/44
305 43/3j/ﬁ2136
490 65/50/64 /48
410 69/56 /64152
378 66/50/%1/50
418 66/46 63/50
299 _49/40/@9/39_
907 59/50/%0/51
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TABLE XXIV (CONTINUED)

Cure:
Tensile

Solvent (psi)
.Control 2733
Etﬁer 2785
Cyclohexane 2308
~DMF - - 2578
Ethyl Acetate 2776
Acevone 2734
Methanol 2684
Methylene Chloride 2956
DMSO 2476
THF 2780

TWR~30684
V45 (Control)
Stock: NBR/HiSil 233
300°F x 350' ia press
Elongation Modulus Shore A

() (psi) (zero time/15 sec)
591 452 69/50
576 473 74759
584 395 59/45
595 427 63/50
596 459 75/58
603 455 74/58
623 431 72/55
595 498 76/58
637 362 56/41
600 454 72/58

c-87
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TWR~30684

extracted information indicated more materials were extracted from the V45

(case) than the EPDM, Thus. a greater effect on the physical properties of

the insulation.

Shore A information indicates that in the case of DMF and DMSO, a large
negative change in hardness has occurred. This change may be due to the
incomplete stripping of the solvents and the residue then acting as
plasticizer or since a material was extracted from the sample, a change
in rheology. There were apparently two different cures or batches of
miterials used in the insulation and both sutfaces were tested. There
was no major difference in Shore A measurements. There was an increase
in hardness after exposure to ether, This increase may be due to the

removal of DOP plasticizer.

The solvents which affected the V45 (control) the -most were DMF, DMSO and
cyclohexane while THF, ethyl acetate and acetone had the least affect. The
difference between the control and case V45 is probably due to the aging of
the insulation.

It is interesting to note that the percent extracted material from the V45
(control) was greater than that from the V45 (case) samples which might
explain the increase hardness of the V45 (control) and not that of the V45

(case).

c-88
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TWR-30684

Tensile bars (dog bones) made of EPDM 053A insulation were soaked for a
twenty-four hour period in samples of methylene chloride and THF with pro-
pellant extract. The samples were then removed from the solvent and dried

under a vacuum at ambient temperature for twenty-four nours. The mechanical

-properties of the insulation are listed in Table XXV.

The extract of propellant in either methylene chloride or THF, containing
extracted materials from the propellants, did not appear to appreciably
affect the tensile strength or elongation percent of the insulation. This
indicates that the materials being leached from the propellant do not
adversely affect the insulation any more than the plain solvent affect and

the insulation.

We conclude from the above results that the extended use of solvents for

propellant removal generally would have deleterious effects on the insulation

and would not be recommended.

Cc-89
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TABLE XXV. MECHANICAL PROPERTIES OF INSULATION SOAKED WITH

SOLVENTS AND EXTRACTABLES FROM THS PROPELLANT

A, " EPDM 053A Methylene Chloride -~ Propellant Soak

Tensile Elongation Modulus Shore A

Propellant .(psi) (%) (psi) (Ohsec115 sec)
Control 2027 644 315 64/56

(No Propellant)
TP-H1202 1992 655 304 67/57
TP-H1207 1758 655 268 68/56
ANB-3066 1904 697 273 66/56
TP-N1035 1905 701 272 67/55
VRP 2077 697 298 65755
CYH 1960 670 293 66/57
B. EPDM 053A THF - Propellant Soak
Control 1993 682 292 65/55

(No Propellant)
TP-11202 1690 633 267 66/55
TP-H1207 1872 658 284 65/55
ANB-3066 1872 697 268 64/55
TP-N1035 1854 668 278 64/54
VRP 1817 V677 268 64/54
CYH 1740 690 252 64/52

C-90




bl jocaniibaiie aiatic Lol o Sk Jeidhd v

TWR-30684

6.4 Effect of Solvents on the Case Materials

The results of prcliminary tests on the effect of solvents upon the Kevlar
cases 1is given in Table XXVI. These results show that most of the solvents
affect the resin system and many of them produce debonding between the
Kevlar and the EPDM insulation. The ranking of the desirability for the
solvents for propellant removal is included to show the justification for

the solvents tested.

The test matrix to evaluate quantitatively the effect of soivents on the
composite case materials was expanded from that listed in the program plan.
The new matrix is shown in Table XXVII, Additional 5.75" bottles, both

Kevlar and glass, were fabricated to allow fér testing more conditions and

additional solvents. Samples were fabricated for testing the glass traﬁsition

temperature by rheometric dynamic spectroscopy (RDS). This test measures
the chemical degradation of the resin systems whereas the hydrotest bursting
of the 5.75" bottles measures the attack on the integrity of the composite
case structure, The NOL ring was used instead of individual short shear
beam samples to eliminate the diffusion of the solvent into the cut ends.
The entire ring is subjected to the solvent then short shear beam samples

are cut from the ring following the exposure. The short shear beam tests

measure the effect of the solvent on the mechanical properties of the fiber.
Descriptions of the tests and sketches of the NOL rings and short shear beam

specimen are included in Appendix B.

The results of each of these gseries of tests follows. The two systems used
in these tests, Kevlar/UF-3283/EPDM and Glass/UF-3205/V45, were felt to be
representative, although not exact of two systems which could be of fature

interest,” MX and Third Stage Minuteman III cases.
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6'4.1

TWR-30684

Integrity of the Case - 5.75" Bot:le Tests

The objective of the bottle burst test is to determine if the sclvent

selected for propellant solution will migrate through the rubber

insulation and degrade the resin matrix - fiber reinforced composite case.

5.75" diameter bottles that represent a subscale motor werewound. The
quantity was expanded from 12 to 30 to allow for testing more solvent
systems. These bottles have been fabricated.

Quantity: 15 bottles, S-901 glass/wet wound UF-3205 resin systems (3rd
Stage Minuteman)
15 bottles, Kevlar 49/UF-3283 prepreg (First Stage MX)

Cure Cycle: Glass bottles/2% hours at 212°F, 2% hours at 256°F, 2% hours
at 312°F
Kevlar bottles/8 hours at 210°F

0f these 15 bottles/material group, three bottles are burst to establish
pressure at failure, Then 80% of this burst pressure is calculated and the
remaining 12 bottles are hydroproofed at this pressure. Of the remaining
12, three will be controls leaving nine for solvent exposure. Three bottles
per set, therefore, three solvents. After exposure to the solvents, the
bottles were be dried in a vacuum oven

and subsequently burst along with the three control bottles. By

comparison with the control bottles, the solvent exposed bottles may or may
not demonstrate a decreased burst pressure due to the effects of solvent on
the composite due to migration. Being that the interior of the bottle will
be exposed to the solvent (although migration may be extensive enough for
radial migration into outer hoop layers), the bottle is designed for a polar

burst. (For both glass and Kevlar bottles the first two plies that are wound
over the molds are polars.)
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TWR-30684

The calculations that shall be used in the calculations ave as follows:

2
(Fiber Stress) Ohoop - PR (1 +€ ) (1 - tl!zl 9)
hoops o ;
PR

a
(Fiber Stress) polar 7t polars coaZl © Q1 +£o)

Where: P = case burst pressure
R = case radius at burst (take I.D./2)
0 = polar wind angle
eo w failure strain of fiber (unique to .each material)

t = thickness
O = fiber stress

Interpretation of Data - For thc glass bottles, a lower pressure at burst

will mean a lower fiber stress by the equations. However, for the Kevlar
bottles, it is known that when transverse bonding (perpendicular to direction
of fiber) is removed, the fiber streses can be increased. .The solvent wmay
decrease this transverse bonding between fiber - resin interface allowing
alippage of fibers and could, theoretically, increase the fiber stress. This
would not, however, lead to false data interpretation because the decreased
transverse fiber-resin Interfacial bonding would be apparent in deéfeased
shear strength and probably a lowering of the glass transition temperature.
The above remarks are theoretical and will be demonstrated when the data is

returned.

Bottle Information: Diameter - 5.75"
# of polar plies - 2 $-901 glass/V45 Ins.
# of hoop plies - 5
# of polar plies - 2
# of hoop plies - &
Resin System UF-3205 (glass) (wet wound)
Resin system UF-3283 (Kevlar) (prepreg)
Winding tension - 5 pounds (glass)
Winding tension - 10 pounds (Kevlar)
Stress Ratio gp/®h = 1.135 (both types)

Kevlar/EPDM Ins.
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Building: M-9

Winding Machine: Tumble Winder, M~10

Hydroburst Pressure Rate: 5000 psi/minute increase; bottle is £ilied with
water but actual pressure upon the water comes

from nitrogen gas.

Eight Kevlar 49/UF-3283 prepreg (First Stage MX) 5.75-inch diameter bottles
were subjected to three different solvents to determine the effect of the
solvents on the structural integrity of the case. The bottles were filled
completely with solvent and allowed to stand at room temperature for
twenty-four hours. After this soaking period, the bottles were drained
and allowed to dry for 18 hours under vacuum at ambient temperature. The
THF soaked bottles deteriorated between eight and twenty-four hours. With
cyclohexane as solvent, the cases did not deteriorate like the THF soaked
bottles; however, the insulation did pull away from the case walls. The
ethyl acetate soaked bottles physically softened when observed after the
soaking period and hardened again when dried. The insulation also pulled
away from- the case walls as did the cyclohexane but it did so to a greater
extent. The results of the tests on the Kevlar bottles are summarized in
Table XXVIII.

For an undetermined reason the first set of S-901 glass 5.75-inch bottles
ruptured prematurely during hydrotesting. A new set of twelve 5.75-inch
bottles was fabricated. Previously, 15 bottles were fabricated. Twelve

were proofed to 80% of the control average, AVE,(three bottles). Four bottles
burst during proofing, one bottle was cut in half to examine because of
earlier failure and eight bottles were burst after proofing. Table XXIX

summarizes the results of this first series of tests.

An additional set of twelve bottles was fabricated out of S-901/UF-3205
wet wind. These bottles had dome caps reinforcements. Three bottles were
burst to establish the average pressure at failure and then 80% of this
average pressure was calculated -and the remaining nine bottles were hydro-
proofed at this pressure. The bottles were filled (three per solvent)

completely with solvent and allowed to stand at room temperature for 24

C-96
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‘ hours. After this soaking period, the bottles were drained and allowed to
E- dry under vacuum for 18 hours at ambient. The results are shown in Table

3 XXX.

It is concluded from the results of Tables XXVII through XXX that the extended
5 ) use of solvents internally in the case, could cause severe damage to the
3 case integrity, particularly to the case/insulation bond. These results
F indicate that special techniques would have to be employed when solvents

Fo are used extensivaly such as for propellant degradation to prohibit damage

to the case resin system,
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6.4.2

TWR~30684

Solvent Effect on Fiber: Strength - Short Shear Beam Tests

The short shear beam test should measure the effect, if any, of the solvent
upon the fiber strength. Two sets of tests were performed. In the first,
NOL rings were made and cut into the small samples prior to the solvent
exposure. It was then reasoned that the gsolvent migration into the cut

ends may affect the results. A second set of four NOL rings were fabricated
and the entire ring was subjected to solvent, then dried before being cut

into the individual samples and tested.

The results presented below indicate that this test is extremely resin content
sensitive. As the resin was affected by the solvent, the shear strength
decreased significantly. Table XXXI shows the effect of various chemicals

on the yarn and roving of Kevlar 49. This table indicates that only acids
and strong bases significantly affect this fiber. The results of the short
shear beam tests in Table XXXII show a very significant decrease in sample
strength for the Kevlar with most solvents. It is concluded, therefore,

that the resin system, UF-3283, used with the Kevlar fibers was degraded by
the solvents. The resin system, UF~3205, used with the glass was degraded

with only a few solvents.
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YARN AND ROVING OF KEVLARe 49

TABLE XXXI. Decrease in Strength of Kevlar 439 Due to TWR-30684
Exposure to Various Chemicals
Source: Kevlar Data Boolk, Dupont
PROPERTY VALUE REF.
RESISTANCE TO CHEMICALS, I1-11
ROOM TEMP. STRENGTH DECREASE
IN 24 HOURS (EXCEPT WHERE NOTED)
CONCENTRATED ACIDS
ACETIC (99,7%) NONE
BENZOIC (3%, 100°C, 100 HR) 267
FORMIC (90%, 100 HR) /%
‘HYDROCHLORIC (37%) NONE
HYDROFLUORIC (5%) NONE
(48%) 107
HYDROBROMIC (10%. 1000 HR) 60%
NITRIC (1%, 100 HR) 5%
(70%, 24 HR) 60%
PHOSPHORIC (10%, 100 HR) 1%
SALICYLIC (3%, 100°C, 1000 HR) NONE
SULFURIC (1%, 1000 HR) 5%
(10%, 1000 HR) 31%
(70%, 1000 HR) 59%
(967, 24 HR) 100%
CONCENTRATED BASES
AMMONIUM HYDROXIDE NONE
POTASSIUM HYDROXIDE 25%
SODIUM HYDROXIDE 107

CHEMICAL PROPERTIES
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YARN AND ROVING OF KEVLARe 43

WATER, BOILING (100 HRS)
WATER (TAP)

PROPERTY VALUE REF,
SOLVENTS 11-11
ACETONE NONE
BENZENE NONE
CARBON TETRACHLORIDE NONE
DIMETHYL FORMAMIDE (DMF) NONE
METHYLENE CHLORIDE NONE
METHYL ETHYL KETONE (MEK) NONE
TRICHLOROETHYLENE 1.5%
TRICHLOROETHANE NONE
TOLUENE NONE
ALCOHOLS I1-11
BENZYL ALCOHOL NONE :
ETHYL ALCOHOL NONE
METHYL ALCOHOL <17
OTHER CHEMICALS [1-11
FORMALIN 1.57
"FREON” 11 (21 DAYS, 60°C) 2.7%
“FREON" 22 (21 DAYS, 60°C) 3.6%
GASOLINE NONE
JET FUEL 4,57
KEROSENE (21 DAYS, 60°C) NONE
0IL, LUBRICATING NONE
0IL, TRANSFORMER NONE
(21 DAYS, 60°C)
WATER, SALT (NaCL SOLUTION) <0.5%
WATER, SEA (NEW JERSEY) ,
(12 MONTHS) 1,5%

2%
NONE

CHEMICAL PROPERTIES
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1, THE EFFECT OF CHEMICALS ON THE TWR-30684
| TENSILE PROPERTIES OF KEVLAR® 43 ARAMID
l

24-HOUR EXPOSURE

e ke s e st o bl S

; .
i TENSILE STRENGTH TENSILE MODULUS
CHEMICAL 4 (PSI) (PSI x 10-6) -
ﬂ; None (Control) 411,000 18.33
- Acetic acid (99.7% CH;COOH) 431,600 18.16
& Formic acid {HCOOK) 361,900 17.99
. Hydrochloric acid (37% HCl) 419,200 17.80
R Nitric acid (70% HNO5) 165,200 17.40
EV . Sulfuric acid Too weak to test.
] Ammonium hydroxide (28.5% NH,) 423,800 17.91
3 Potassium hydroxide (50% Solution) 345,900 17.69
- Sodium hydroxide (50% Solution) 369,500 17.45
\cetone 423,100 18.22
senzene (CgHg) 420,900 17.91
Carbon tetrachloride (CCly) 422,000 18.46
Dimethylformamide (DMF) 418,600 17.97
Methylene chloride (CH,Cij) 425,900 18.30
Methyl ethyl ketone (MEK) 424,600 17.98
Trichloroethylene ("Triclene") 404,700 . 18.17
Chlorothene (1,1,1~Trichloroethane) 418,600 18.32
Toluene (CgHgCH;) 413,600 I 18.27
Benzyl alcohol (CGHSCHZOH) 412,300 18.08
Ethyl alcohol (CHgOH) 417,000 18.02
Methyl alcohol (methanol) 407,500 17.90
Formalin (HCHO) ' 405,500 17.87 \
Gasoline (Regular) 419,900 18.37 ?
Jet fuel (Texacu "Abjet" K~40) 393,400 18.09
Lubricating oil ("Skydrol") 422,700 18.08 .
Salt water (5% :Solution) . 410,100 16.92
Tap water 417,200 18.27
Yarns were tested using air-actuated 4-C cord and yarn clamps on an
Instron test machine, at 10" gage length with 3 turns per inch twist
added, 10% per minute elongation, and at 55% R.H. and 72°F.

Conversion factor: MPa(mega-pascals) = lb/in2 X 6.895 x 10—3
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TABLE XXXII.  Results of Short Shear Beam Tests on TWR-30684%
Solvent-Exposed Composite Case Samples

Material Strength
Glass S901 Kevlar 49

! —_ —_

“ Solvent Sy Cv SH Cv
Cyclohexane 9329 psi 1.4 4550 psi 2.0
Carbon Tetrachloride 8869 psi 2.0 1954 psi 11.0
Benzene 8314 psi 5.0 2005 psi 6.2
Carbon Disulfide 8575 psi 5.5 3669 psi 1.5
Toluene 8959 psi 5.2 ' 1523 psi 7.6
M-xylene 8731 psi 2.3 977 psi 10.5
Chloroform 6713 psi 5.1 1336 psi 2.5
THF 8565 psi 6.3 950 psi 9.8
Methylene Chloride 4688 psi 1.2 2082 psi 2.0
Isopropanol 9006 psi 8.6 4538 psi 3.3
Methanol 8933 psi 1.5 2418 psi 7.0
Ethyl Acetate 8903 psi .54 1457 psi 6.3
MEK 8942 psi 2,0 1732 psi 2.6
Acetone 8573 psi 5.5 1596 psi 1.5
Ethylene Glycol 9025 psi 1.1 4859 psi 1.4
Acetonitrile 8619 psi 2.2 1515 psi 16.0
DMS0 8927 psi 3.3 250 psi 8.3
$901/UF-3205 Control 9144 psi 6.0
Kevlar/UF-383 Control 4841 psi 3.4
Definitions
Eh = Ultimate Stress = 0.75 PB Where PB = Pounds of Load

bd b Sample Width

C,, = 100X Standard Deviation d = Sample Thickness
)

Mean Value
Test:
ASTM D2344 ‘
Three tests per solvent (including control) = 108 tests
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The results for the first series of short shear beam tests are as follows:

NOL rings were prepared out of two material systems: S-901/UF-3205 wet
wind and Kevlar/UF-3283 prepreg.

$-901/UF-3205 cure: 2} hours; 212°F, 2% hours 256°F, 2% hours 312°F.
Kevlar/UF-3283 cure: 8 hours 210°F .

Specimens were machined in a 5:1 ratio of span to depth. Three samples were
used per solvent aﬁd compared against control samples to determine if case
materials were degraded by solvent exposure.

Sample Exposure

1. Specimens subjected to solvents for 24 hours totally immersed.

2. Temperature of solvent, ambient (approximately 70°F).

3. After immersion, samples were dried in a vacuum oven without heat
for 24 hours.

4. Specimen was then sealed and labeled.

Sample Testing

1. Cross-head speed of logd, .05"/minute
2. Chart speed, 2"/minute

3. Load range, 0-600 pounds

4, Temperature of test, 70°F.

Summation

For the S-901/UF-3205 system, based upon propellant solution and §H (average
shear strength) the solvents of the set that might be used to reclaim the case
with lower risk are:

1. cyclohexane

2, ethyl acetate

3. MEK

For the Kevlar/UF-3283 system, based upon propellant solution and §H
(average shear strength) the solvents of the set that might be used to
reclaim the case with lower rick are:

1, cyclohexane

Isopropanol and ethylene glycol do not degrade the material but do not appear
to be candidates for propéllant removal.
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The results for the second series of short shear beam tests are summarized below:

Sample Preparation

NOL rings were fabricated from two material systems: Kevlar/UF3283 prepreg and
S901 glass/UF3205 wet wind. Kevlar rings were cured for eight hours at 210 +
10°F and glass rings for 2 1/2 hours at 256°F and 2 1/2 hours at 312°F.

NOL Rings Exposure

Four NOL rings were fabricated from each material system. Exposure conditions
and observations are summarized in Table XXXIII.

Short Beam Sample Preparation

NOL rings subjected to solvents and control were cut into SBS in a 5:1 ratio of
span to depth. Ten samples were cut from each NOL ring and submitted for testing.

Sample Testing

The samples shall be tested as follows:
a. Cross-head speed, 0.05 in/min
b. Chart speed, 2 in/min
c¢. Load range, 0-600 lbs
d. Test temperature, 70°F
The results, given in Table XXXIV, are in fair agreement with the results presented
previously. They show that the glass system was unaffected by the three solvents
tested whereas the Kevlar system was greatly affectad by ethyl acetate and THF

and not affected by cyclohexane.
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TWR-30684

Solvent Effect on Resin - RDS Tests

Rheometric Dynamic Speccroscopy (RDS)

Torsional stress 1s applied to a sample (2.5" x 0.5" x 1.8") rectangular in
shape. The frequency of torsion is held constant. Temperature is increased in
steps from 40°C to 180°C. Two values are reported for the glass transition
temperature. The temperature of which G (the loss modulus) is a maximum and

the temperatu;e at which tan delta is a maximum. Tan delta is the ratio of

G¢" /G' where G 1is the storage mcdulus. In theory, if the resin is plasticized

or improperly formulated, a lowering of the glass transition temperature is
observed as compared against a control sample. With solvent migration through

the case matrix, crosslinking may be decresed due to the breakdown of chemical
bonds and the solvent may become interspersed in between polymer chains causing
plasticization. Both of these occurrences would lower the glass transition
temperature as measured by this method relative to a control specimen. It should
be mentioned that this method is very resin dependent, ideally the fiber contributes
little unless the resin weight percent is very low, then the fiber becomes
significant.

RDS Samples

RDS samples were fabricated from prepreg Kevlar/UF 3285 (Ferro 6304-0031 Spool
#402) and S901 glass/UF 3205 wet wind. The Kevlar samples‘were cured for eight
hours at 210 + 10°F and the glass samples with C-4 cam (2 1/2 hours at 212°F,

2 1/2 hours at 256°F, 2 1/2 hours at 312°F).

Samples were cut to 1/2" wide x 2 1/2" long and 0.10" thick.

Samples were exposed to various solvents and dried prior to testing. Two samples
were used as control. The results obtained are summarized in Table XXXV.

The numbers under tgG are the glass transition temperatures and those under tgtand
is a ratio of G"/G' where G" is the loss modulus (or plastic) and G' is the elastic

modulus.
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TWR~30684

It is observed that the glass system was not affected by the various solvents
tested whereas the Kevlar system was generally affected. These results are in

good agreement to the results of the short shear beam tests.
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6.5

6.5.1

INSULATION REMOVAL TWR-30684

Hydromining

Thirty impact tests were conducted on case samples, with and without insulation.
These tests confirm that hydromining is a questionable, high-risk method of
removing insulation even from glass cases. The most useful result is that
during low-pressure, hot-water hydromining of propeilant, the insulation forms

a sufficient barrier to protect the case. The observations and test conditions
used are summarized in Table XXXVI.

Figures 25 through 28 show photographs of the insulation and case samples impacted
by the high pressure water. Figure 25 shows damage to EPDM rubber from an MX
case. Figure 26 shows the effect of the water on the V-45 (NBR) insulation from
a Third Stage Minuteman IIJ case. Figure 27 shows the damage caused by impacting
the outside of an MX case (Kevlar system). Figure 28 shows the effect of the

water impact on the outside of a Minuteman III case with the external insulation

still intact.

It was concluded from the results of these tests that low pressure, hot water
hydromining could be conducted in a manmner which would not damage the internal in-
sulation. Rate of travel and angle of impingement were both important parameters
which would govern the design of the equipment. It would be very important to
include an interlocking system which would shut off the water flow when the travel

stops. Any extended dwell in one place could damage the insulation.
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FIGURE 26. SECTIONS OF MM I1I CASE WITH V45 INSULATION IMPACTED WITH WATER JET.
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gy 6.6 Reinsulation
‘ It was concluded earlier that no attempt would be made to salvage the flaps
in any case salvage operation. Reinstallation of the flaps does not require ‘
any new development since the réplacement is the same operation as the original
3 { installation. However, possible damage to the insulation during the propellant <
ﬁc.; or flap removal or the necessity to possibly remove part of the existing
ingulation and bond new insulation to the vemaining insulation required that

A the possible effect of heat or solvent on the rebonding process be examined.

* 6.6.1 Effect of Heat on the Insulation

During the burnout method of propellant removal, the surface of the insulation
will be charred and the insulation will be subjected to varying degrees of

‘ heating. The objective of these tests is to determine whether the burnout

! process will affect the integrity of the rebuilt case: (1) Can virgin rubber l
’: be bonded or vulcanized to the remaining insulation and (2) will the bond

| between the insulation and flaps be equal to the original installation,

R

Lalie Gk )

For this evaluation, samples of fired motors, MX first stage and Minuteman

III third stage was obtained. f1ne char wae then removed, the exposed
insulation ig then prepared and virgin insulation was reapplied and cured to

the old insulation. 180° peel tests and tensile adhesion tests will confirm

the effectiveness of the reinsulation process.

Sample Preparation. When possible samples of insulation were obtained from

sections of fired cases. The char was then removed down to uncharred insul-

ation, buffed to a uniform surface, cleaned with a light solvent wipe, painted

e 2 o abia, b utiod | ORI ST B4 AR S A KR 8 S

with adhesive and dried then virgin insulation was applied and cured to the old

rubber.

c-120




it L2 gt o s tatn U S
A e o - > ¥ -

TWR-30684

When uncured V45 insulation was bonded to original case-bonded insulation
of a section of a fired case, the post vulcanized bond between the fired
V45 and new V45 was greater than the bond between the insulation and the

case. Failure always occurred at this interface and no quantitative data

were obtained. In order to obtain quantitative results the insulation was
removed by peeling the insulation from the case, aided by a small quantity
of MEK solvent. The fired insulation was then bonded with Chemlock
' 205-233 and dioctyl phthalate (DOP) to steel peel coupons. Uncured V45 was
then bonded as before to the fired V45 insulation. The results show that
the insulation to insulation bonding produced a very good PVC bond. All
failures were cohesive but appeared to be in the ply bond of the new uncured

rubber.

A similar procedure was employed for removing EPDM 053A insulation from a
section of a tested MX case (DM-1). When DOP was used as the PVC activator,
the peel values were similar to or slightly higher than for the control and
appeared adhesive. The fired insulation to steel bond remained intact.

Results of the above tests are summarized in Table XXXVII.

6.6.2 Effect of Solvent on Reinstallation of Insulation and/or Flaps

)
)

.
: In the event that solvents are used to remove the propellant and/or liner,
the insulation also would be subjected to the solvent. The objective of

these tests is to confirm that the reinstallation of the flaps or rebonding

T

new insulation to repair damage would not be adversely atfected by the

A

sclvents.

L

m@‘ﬁw

Samples of EPDM and V45 insulation are subjected to a solvent soak. The
L samples are then dried by vacuum drying and 180° peel samples and tensile

adhesion samples are prepared by bonding cured rubber to cured rubber. -

!

(A

™

i

To evaluate the effect of the various solvents, a new test procedure was

N
'

A

developed to isolate the effec* in the rubber to rubber bond,

Ut
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TABLE XXXVII. EFFECT OF HEAT ON INSULATION - 180° PEEL TESTS(l) TWR-30684
A, Virgin 053A to Fired 053A

PVC
Construction Activntor(z) High Average Low Failure Sawmples
Steel/Chemlok 205-236/ )
Fired 0S3A/Chemlok 236/ None 70.5 64.0 45.0 1
Uncured virgin 053A
Same a3 A. DOP 78.0 71.0 55.0 Separation from steel 1
4
Same as A. patafin|(3) 67.0 48.0 33.5 Separation from steel 1
N oil
Same as A. None 47.7 43,5 37.4 All adhesive failures 5 Ly
Steel/FHlZB(s) Initial Maximun Average
Fired 053A/Chemlok 205-236 None 32.2 34,6 13:4 Adhesive - failed in 3
Uncured 053A Chemlok adhesive
Steel/FM123 /Fired 053A/
Chemlok 205-238/ Noane 37.3 41,2 15.1 Adhesive - failed in Chemlok 3
Uncured 053A

Steel /FM123/Fixed 053A/ None 12,0 23.7 16.9 Adhesive - failed in FM123 3
FM123/Cured 053A

' ; Steel /FM123/Fired 053A/ None 16.9 16.9 4.2 Adhesive - failed in Epoxy Resin 3
¥ ER2216/Cured 053A

Notes:

(1) All 180° peel tests were pulled at 10"/minute, and room temperature.

(2) 10X solution of PVC adhesjon activator applied to dried Chemlok adhesive
(3) Cyclolube 85

(4) All peel test results in pli units,

(5) Epoxy film adhesive supplied by American Cyansmid.

B. Virgin V45 to Fired V45 '

S:eel(z)Epoxy FRP Case/

Fired/Uncured Virgin 177(6) 100% Cohesive

steg}s?) /Cherlok 220-233~ A1l samples

DOP ™’ [Fired/Uncu~-ed 116 107 98.2 100% Cohesive had plylock

Virgin separation.
Notes:

(1) A 10Z solution of dioctyl phthalate was applied to the Chemlok coated surface to activate post vulcanized cure
(PVC) adhesion of the fired insulation to the steel peel coupon.

(2) Steel peel coupons were used to increase the modulus of the fired insulation of the FRP case material.

(3) 180° peel tests were pulled at 10"/Minute.and room temperature.

(4) ALl peel test results in pli units,
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The new tool consisted of a steel mandrel 9" long by 6" wide and 3/4" thick..

The mandrel is overwrapped with one of the case constructions with the inside
case wall out. The case/mandrel assembly is cured with the respective nre-

cured insulation. These samples are then treated with solvent. 180° peel testing
is performed at this time and also aftef additional precured insulation has been

post vulcanize bonded. The latter is to represent the rebonding of a precured

flap after solvent removal of the propellant. A sketch of the overwrap mandrel
is shown in Figure 29. The procedure for making the test specimen is given in
Table XXXVIII,.

n

One set of overwrap mandrel specimens was wound and cured with the MX 053A
i EPDM insulation. The mandrels were cut into individual specimens and drilled
and threaded so that they could be mounted in the Instron for testing. Before

testing the mandrel, specimens were contacted with solvent for 24 hours then

dried. The insulation layer was then cut or slit into 5-1" wide 150-180° peels.
Samples were also madé using V45 rubber and glass fiber and resin system
similar to that used on the Minuteman III third stage cases. The results,

i giving 180° peel data for the bond between the insulation and the case, are
summarized in Table XXXIX. The mechanical properties of the rubbers used in

the above tests are given in Table XXXX,

It was concluded from the above tests that cyclohexane, tetrahydrofuran (THF)
and chloroform were the most detrimental solvents on the EPDM 053A insulation.
Solvents having the least effect on EPDM were acetone, isopropanol and ethylene
: glycol. Methyl ethyl ketone (MEK), THF, ethylene dichloride and dimethyl

foran amide (DMF) were the most detrimental to the V45 (NBR/Hi Sil 215)
insulation. Solvents having the least effect on V45 were cyclohexane, ethylene

glycol and isopropanol.
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TABLE XXXVIII. PROCEDURE FOR PREPARATION OF OVERWRAP SAMPLES

TWR-30684

A. MX Simulated Case Overwraglhandrel Construction

Materials of Construction

Roving:

3 Glasg Cloth:
. ! Film Adhesive:
Steel Mandrels:

Insulation:

Winding Detail/Winding
Machine:

{loop Winding Gear Ratios:
Tension:

Elevatioxal Plan:

ot W s s oo n

Formulation of UF-3283:

e i et o o A s Yl

Cure:

Al il RS

Notes:

o

(3) Yoven glass cloth

g

ot

G P e,

¥

Kevlar/UF-328%2 prepreg
Kevlar ~ DC20'“’coated/UF-3283 prepreg

341 glass cloth®® Jup-3283
FM73(A)
Gric blasted and degreased

053A EPDM/CR/HiSil 233 rubber insulation, 2 precured pads
54" x 8" x 0.2", insulation cure was 300°F x 120 minutes x

100 psig CO2; bonding surface of cured insulation wag lightly

abraded and cleared with MEK solvent; 3" wide PTFE tape was
applied for peel tab release at the rubber/FRF interface.

McClean-Arderson - sgwall
Building M-8

120/20, 120/20, 56/56, 28/84, 113/36
10 pounds’
x = ply

Steel mandrel

1 x ™73

5 hoop x Kevlar/UF-3183

2 x 341 glass cloth/UF-3283

7 hoop x Kevlar - DC20/UF-3283
6 hoop x Kevlar/UF-3283

1 x ™M73

%
Sheel EPON 828 40.10
Sheel EPON 871 20.05
Cibas Geigy Araldite-906 39.30
EMI-24 0.55
Vacuum bag

Cured in oven @ 210°F for. & hours

(1) See Figure 29 for overlay manurel
{2) Dc+r Corning 20 releazc agent

(4) Epoxy film adhesive suppllied by American Cyanamide "

C-125
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TWR-30684

TABLE XXXVILI (CONI.NUED)
B. Minuteman III Case Simulation Overwrap Mandrel Construction
Materials of Constriction

Roving: $-901 Glass ~ 20 end

Resin: UF~3205

Steel Mandrels: : Grit blasted and degreased

Insulation: NBR/HiSil 233 rubber insulation; 2 cured pads 5%" x 8" x 0.2";

insulation was cured at 300°F x 150 minutes x 100 psig CO3:
bonding of cured insulation was lightly abraded and cleaned with
MEK solvent; 3% wide PTFE tape was applied for peel tab release
at rubber/FRP interface.

Winding Detail/
Winding Machine: Small McClean-Anderson
Euilding M-8
Resin, UF-3205 was hand applied during the winding operation

Hoop Winding Gear Ratilos: 120/2¢, 120/20, 56/56, 28/84, 113/36
Tension: 5 pounds
Elevation Plan: (x = ply)

Steel Mandrel

Gel coat UF-3205

5 hoop x S-901 glass roving (roving is thoroughly wet out
with resin)

2 x glass cloth predipped in UF-3205

5 hoop x $-901 glass roving/UF-3205

Formulation of UF-3205: "
Ciba-Geigy Araldite 6005 52.28
Nadic methyl anhydride 47.64
Benzyl Dimethylamine 0.68
Cure: Vacuum bag

cured(I) in oven @ 212°F for 2% hours, 256°F for 2% hours,
and 312°F for 2% houvs.

Note:

(1) Trident C4 cam cure; all temperatures were additive.
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. TABLE XXXIX. RESULTS OF TESTS ON THE EFFECT OF SOLVENTS ON THE RUBBER~RUBBER
BOND STRENGTH

A. MX Simulated Cagse Overwrap* 180° Peel Tests(l)

Time

in Solvent .
Solvent Treatment(z) Contact High(3) Average(a) Low‘s) Fajilure Mode

Units pli pli pli
Control - 4.8 3.5 2.6 Adhesive
Ethyl Acetate 24 Hours 4.1 3.0 2.6 Adhesive
Ethyl Acetate 72 Hours 12.5 9.6 7.6 Adhesive
Methyl Ethyl Ketone 24 Hours 5.0 3.1 2.0 Adhesgive
Cyclohexane 24 Yours 9.4 6.4 4.2 Adhesive
Cyclohexane 72 Hours 3.6 1.3 0.9 Adheaive
Ethylene Glycol 24 Hours 6.6 4.1 2.8 Adhesive
Tetrahydrofuran 24 Hours 3.7 2.7 2.0 Adhesive
Dimethyl Sulfone 24 Hours 7.2 5.6 4.3 Adhesive
Acetone 24 Hours 12,1 8.6 6.2 Adhegive
Isopropylalcohol 24 Hours 11.8 8.6 5.9 Adhesive
Chloroform 24 Heurs 3.8 1.3 0.8 Adhesive
Dimethylformamide 24 Hours 12,8 9.7 1.3 Adhesive
Notes:
(1) Pulled at 10"/minute and ambient (75°F) temperature.

. (2) Insulation was in direct contact with 1iquid solvent at ambient (75°)

temperature and atmospheric pressure. Samples were dried in vacuum oven
i after solvent contact for 24 hours at ambient temperature.
! (3) Initial fracture peak.
! , (4) Arithmetic average between highest and lowest points in failure profile.
B (5) Lowest point in failure profile.
(6) Each point separates five tests.

* Construction: Elevational - FM73 film adhesive steel mandrel, Kevlar/UF-3283
! Epoxy Resin Prepreg; 341 glass cloth/UF-3283; and Kevlar coated with DC20
silicone/UF-3283 prepreg; FM73 adhesive; 0.2" thick 053A rubber insulation.
(See Figure 29)

B. Minuteman III Simulated Case Overwrap* - 180° Peel Tests

Time In Shore A Hardness
Solvent Treated Untreated 3)
Solvent Trestment Contact High Average Low Failure Mode Side 2) Side Swelling
Units pli pli pli
Control 24 Hours 39.1 33.1 24,5 71 71 0
Ethyl Acetate 24 Hours 19.8 15.9 13.8 52 73 3
Methyl Ethyl Ketone 24 Hours 21.5 15.0 10,5 47 73 8
Methyl Ethyl Ketone 72 Hours 9.7 4.6 2.4 51 75 8
Cyclohexane 24 Hours 43.5 38.3 27.6 75 73 0
Ethylene Glycol 24 Hours 20.8 18.0 14,2 78 73
Tetrahydrofuan 24 Hours 9.6 5.6 3.2 44 73 5
Dimethyl Sulfone 24 Hours 20.6 16.0 12.0 53 73 3
Acetone 24 Hours 32.1 28.6 24,8 49 77 10
Isopropyl Alcohol 24 Hours 21.1 16.9 12.4 71 71
Chloroform 24 Hours 17.7 11.9 8.3 44 n 9
> Dimethylformamide 24 Hours 1l1.4 6.8 4.0 . 47 66
Notes:
. (1) Average of five tests instantainious, taken at ambient room temperature after solvent was vacuum dried
from insulation.

(?) Area of insulation in contact with liquid solvent.
(3) Observable change in surface of insulation after vacuum drying; 10 is worst condition.
(4) Each point represents five tests.

*Construction: Elevation - steel mandrel; S-901 glass roving impregnated with UF-~3205
Epoxy Resin; 0.2 V45 NBR - silica reinforced insulation
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TWR-30684

The results in Table XXXIX indicate the effect of solvent on rubber-rubber
bond strength varies greatly from solvent to solvent. Some increase the bond
strength and some weaken the bond. A signifjicant decrease in the bond strength

would be a factor in determining which solvent might be used for propellant

removal.

e !

il
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TWR-30684 :

Engineering Assessment of Case Salvage

An assessment of the acceptability of salvaged composite motor cases

for reusability indicates that there are no over-riding considerations

T S

that would prevent reuse. This assessment considered:

a) The effects of propellant removal techniques on the case materials

o lspe g otz

and structure,

)
~
AL,

G e

ﬁ.
L R

b) Refurbishment of the salvages case,

3 ¢) Re-proofing of the rzfurbished case in preparation for re-loading.

In addition, this assessment assumed:
a) That physical damage, such as cut fibers, would be treated in the

same manner as it would with a single use case (i.e. damage repair is not

AT PR

unique to case salvage).

b} The case materials hiave not naturally aged to the point that they

AR s Fadbe M2 Oy, Dom bt

iy

L

3 could not meet_a second service life requirement. Since composites are

commonly used iat alrcraft in far more severe environments than rocket '

motors are typically exposed to, it is unlikely that a composite case would

naturally age beyond use. :
Since this study was directed toward composite cases in general, and
not toward a specific motor, both glass/epoxy and Kevlar/epoxy were con~
sidered. OGraphite/epoxy was not included, since there are no operational
motors utilizing graphite cases in service at this time,. ﬁowever, Thiokol
is currently assessing the salvage and reuse of graphite cases in support
of a feasibility study for a filament wound composite Space Shuttle Solid ol

Rocket Motor, and the results of that study were recognized in the case A B

salvage study.

The initial step in the case salvage process would be propellant
removal, The effects of three removal techniques on the case structure
were considered: t

a) hydromining,

C~130
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TWR-30684

b) wet machining, and

c) solvent softening and removal,

Both hydromining and wet machining would subject the irterior of the
case to prolonged moisture. In addition, hydromining would require hot
water, which could result in interior temperatures of up to 170°F. Both
moisture and temperature are known to adversely affect the resin-dominated
properties (primarily transverse and shear strength and modulus) of all
composites, but these effects are completely reversible upon drying and
cooling. Neither of these salvage techniques would adversely affect the

case, since the insulator would prevent direct exposure of the composite

to moisture and would attenuate the internal temperature. The moisture
exposure would thus be similar to that experienced during normal post-
manufacturing hydrotest. Normal post process drying would remove accumu-
lated moisture.

The effects of solvents used to soften and remove propellant were also
considered. A variety of laboratory scale composite specimens were exposed
to various solvents and tested to determine their effects on individual
waterial properties. The test results are discussed in detail in Section 6.4.
The implications of these effects on case structural performance is dis-
cussed in this section.

The laboratory tests showed that the primary effect of the solvents
was to degrade some resins, as evidenced by the degradation in interlaminar
shear strength, and to degrade the rubber insulation, as evidenced by the
degradation in the bond between the insujator material and the composite,
and by the degradation of the pressure vessel bladders. The effect of sol-
vents on fiber tensile strength was not really evaluated, since the degrada-
tion of the pressure vessel bladders precluded hydroburst testing. However,

the effects of various chemicals on glass, Keviar, and graphite have been
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evaluated by their manufacturers and by other researchers, with indications
that all three fibers are impervious to all but strong acids, The fiber

tensile strength is therefore unlikely to be affected by any of the solvents

o e

that could be used for propellant removal,

The implications of these effects on the case structural performance
depends on the specific design requirements for the wotor case in question,
since some properties are more significant to some cases than to others. Table
XPXI  ghows the d;esign requirements typically considered in case design,
and the corresponding significant material property.

A comparison of the case property requirements indicates that the use
of solvents would not affect the case burst strength, since the fiber ten-

sile strength would probably not be affected. However, this ignores the

fact that all of the solvents severely degraded the insulator, which may

in turn result in leakage and an inability to withstand pressure.
Stiffness and buckling strength are mostly influenced by the fiber

modulcs and, like tensile strength, would not be directly affected by

solvant exposure.

The skirt and case external load capability are primarily a function

v x A

of the composite compressive strength and the skirt-to-shear ply-to-case

bond at the Y~joint. The compressive strength is a "fiber dominated" prop~

erty, but is actually highly dependent on the resin due to the nature of

v s

compressive failure in composite materials,and degradation of the resin, as

evidenced by either visual appearance or loss of interlaminar shear strength,

Btrongly suggests a corresponding loss of compressive strength. Wheth-
er or not a given case would suffer degradation, and whether or not such
degradation would be acceptable, would depend on the solvent used, the
specific case material system, and the case strength requirements. The test

results indicate that the material degradation depends on both the fiber/
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TWR-30684

resin combination and the resin used. In addition, som- cases have yery

low strength requirements, and thus could tolerat: more degradation than

RV

IR Ve 2N

others, TFurthermore, these tests were based on specimens soaked in solvent.

Presumably, the propeliant removal process would be conducted in a manner

Ty
F

that would preclude prolenged case contact with the solvent, although sol-

T

LW |
4

T
2d 1Rt Sk a3 I 3 M I T DS i B 822 i e ekl

LAY

vent could migrate through a damaged insulator and attack the composite.

VAT
Ug

Following propellant removal, the case may require refurbishment prior

i

to re-loading. The only refurbishment step that could affect the case

.‘\i‘

g

structure would be removal and replacement of the insulator (either parti-

-y
I

\ad
A
3

{&

'

aliy or entirely), if this were necessary. Insulator removal would most

i

liZely be accomplished by locally heating the case/insulator bond directly

2
k.

i

!

%% 3 with a hand-held heat gun, while applying a 90°-180° peeling load. The
éii primary risk to the composite would be local fiber damage. However, our
éf‘ experience with peeling insulation from the Kevlar/epoxy MX first stage
ét case has not shown any evidence of fiber damage. Since Kevlar is the fiber

wost prone to damage and fraying, this indicates that peeling the insulator

s ar's

will not adversely affect the case. The local heating would not have an

?; effect since the temperatures are expected to be below 200°F, which

{ ‘ is below normal case cure temperature. Local hot spots due to incorrect

; j‘ use of the heat guns could cause very local softening of the resin, but

E é these would re-solidify and return to their initial state with no adverse

E

E: ' effect on the case as a whole, The fibers would not be affected since all

i' of them can tolerate several hundred degrees without degradationm,

g%; Beplacement of the insulator, either for the entire case, 1f the

fb' insulator is totally replaced, or for a local area, if only a section of the

f*‘ insulator is replaced, would require an insulator bond line cure cycle.
Neither of these would adversely affect the case, since the temperature is

below the cace cure temperature,

C-134
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Following refurbishment, a hydroproof test will be required prior to
propellant loading. The hydrotest may be limited to a low pressure leak
test or it may entail a full hydroproof to 1.0-1.1 times MEOP. Tﬂe decision
as to which test to conduct will probably depend on the specific motor
program requirements. A low pressure leak test would be of no concern,
but a second full-proof cycle would be a significant departure from the
customary single proof cycle. The effects of multiple proof cycles have
not been extensively studied. However, a review of limited studies and
testing by Thiokol and other researchers indicates that a second proof
cycle will be tolerable. Subscale pressure vessel tests with Kevlar 49/
UF-3283 in support of the MX Stage I program indicated that a single hydro-
proof cycle to below 85%Z of the actual burst pressure did not degrade
strength (multiple proofing was not evaluated during these tesis). Multi-
ple cycling was studied in support of the composite Shuttle case study.
T-300 graphite/UF-3283 pressure vessels were cycled to 72% of burst up to
40 times with no degradation in subsequent burst pressure.

Since proof tests are éenerally conducted at 70-75% of average burst,
these tests, in conjunction with the high fatigue resistance typical of
fiber-reinforced composites, suggest that a second proof cycle would not
be detrimental. However, additional subscale hydroburst testing is rec-
commended to fully define a) the proof level at which subsequent degrada-

tion in burst strength results, and b) the effects of multi-proofing.

C~135
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APPENDIX A

|
INTER-OFFICE MEMO OATE 23 Novenber 1981 1\

! 9205-81-M080

T0: K. B. Reynolds,
. : Technical Services

cC: J. W. Loosle, J. E. Engle, M. H. Phillips,
. W. L. Merrill, E. D. Brown, M. L. Levinthal

o e st i Ees e TRy s e s e i F T

FROM: D. W. Kase, Safety Analysis

SUBJECT: Hazards Analysis No. 379 Propellant Machining With
RDS-394 Cutting Tool

This study is a theoretical evaluation of the thermal hazard of machining
propellants with the RD5-394 cutting tool. It is based on an analytical model

- developed by E. T. Hikida, Hercules Bacchus, as published in his paper "Analysis
of Heat Generation from Dry Machining of Solid Propeliant," 7 August 1972.

Input parameters given by you are as follows:

Speed - to 1300 rpm
Diameter - 5 in. max
Feed - to 15 in/min

» parameters that determine the energy released upon propellant cutting are the
cutter tip speed and the shear strength of the propellant. As derived by Hikida,

in basic engineering units:

, q = 667 SV where S = shear strength - psi
V = tip velocity - ft/sec.
q = heat flux - Btu/fté-hr.

« Based on your parameters:

V=TION=TX5in X 1300/min = 28.36 ft/sec.

60 sec/min X 12 in/ft

It can be seen from the sketches below, that a worst case in terms of heai
retention is zero feed.

| __—~zero feed . lo ' Ol ’//’,,zero feed y

“yerefore, in terms of heat dissipation, no credit can be given to chip removal
.a traverse, but can be in the direction of the cut.

THcokof
WASATCH DIVISION

Brigham City, Utah
Cc~136
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heat generated then, is, for a 100 psi shear sf}ength:
q = 667 X 100 X 28.36 - 1.892 X 10° Btu/ft.2 - hr.

Tougher propellants will generate more heat, while slower speeds or weaker
propellants will develop less. The key question is where does the heat go. As
long as propellant is being cut and removed, its exposure to the flux is very
short. However, the tool is exposed to the flux continuously as it cuts. And
- in an area of zero feed, hence no propellant removal, the calculation is unnecessarily

b conservative and severe. This is because the propellant is not being sheared, but
rather only rubbed by the tool at some lower, but indeterminate interfacial friction

) pressure F. However, while S is replaced by a lower value F, the cumulative effect

“‘i : of successive passages of the tool surface must be allowed.

P ——

In this treatment, admittedly conservative, it is assumed that the heat generated
is all absorbed in the item considered, that is, propellant chip, tool, or rubbed
propellant surface.

( 1. Propellant Chip Heating:

o A flux of 1.892 X 106 Btu/ft.2 - hr. can be related to any data which correlates
the time-to-ignition with a flux exposure. Arc image exposure is a common method
;o of flux exposure control, and data was provided for certain cross-linked doubie

: base (XLDBg propeliants in the previously referenced report. By extrapolation
. to the presen. fiux, exposures of 0.002 tu 0.05 seconds will adiiieve ignition.
F nilarly, by extrapolation, data by Atwood et al* gives apparent ignitjon 2
‘ wireshholds in tge 2-10 msec range for VIG-5A propellant, at 1.892 X 10° Btu/ft.“-
hr. (142 cal/cm® - sec).

Derr and Fleming published data for composite propellants, "A Correlation of Solid
Propellant Arc-Image Ignition Data", Lockheed Ptopulsion Co., Redlands, Calif., in
which threshholds in the 10- 20msec range were measured.

So the question is, how long does a propellant element see this flux? The answer
is, it sees it as long as it takes for the tool to pass. If one assumes that the
antire cu;ter width (0.5 in) is generating flux, the time of exposure to its passage
is given by:

tz1-= 0.5 in. = 0.00147 sec.
V 28.36 ft/sec. X 12 in/ft.

In theory, a perfect knife edge passes in an infinitesimal interval. A contact
surface of 0.05 in, will give a passage interval of 0.15 msec, while the full half
inch gives an interval of 1.5 msec, approximating the threshholds published for
XLDB. It would appear that given the sharp, relieved cutting edges described in

‘ RDS-394, the exposure time is sufficiently low te not constitute an fignition source.
Note that a harder, tougher propellant, greater than 100 psi shear strength, will
create higher fluxes, and {f far different, should be reanalysed as above.

The effect of Aging on The Ignition of Trident VIG-5A Propellart, Atwood, Zurn
Boggs, Price and Stayton, Naval Weapons Center, China Lake, Calif.
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5 .. Yool Tip Heating:
i Because the tool steel {s a far greater absorber and conductor of thermal energy, it

should be expected that most of the flux generated will be taker up by the tool.
4 Hikida (op. cit,) calcualted, via a proprietary computer model, tip temperatures
E~ at 3 and 5 ft/sec. tip speed. In order to evaluate a tip speed of 28 ft/sec., it
will be necessary to ascertain whether Thiokol/Hasatch Division Engineering cun

1 perform such a thermal modeling. The importance of tip temperature, theoretical =
1 or actual, is the effect on propellant if and when the tool stalls, fails and/or ‘
1 dwells on a fixed element of propellant. We have already seem that, while in

] steady state rotation, the hazard is acceptable. The return of heat from the 4

tool to the propellant is necessarily only a part of the whole of the heat generated,
F and can not exceed the 100% assumed in Section 1 preceding, as long as rotation
continues; i.e., exposure time remains less than 1 - 2 msec.

g, et vt o % g L e EIY e UM

At even 5 ft/sec. tip speeds, the theoretical tool temperature approaches hazardous
levels. The equilibrium temperature at the tip becomes a function of conductive
path geometry, heat sink or dissipation capacity, the effects of convective cooling,
and the actual distribution of generated heat between tool and chip. Actual
measurements, using "Telatemp" dots, on the FD-0014 inert motor (ref, Hazards

] Amlysis No. 2B, D. W. Kase to R. D. Hutchison, 17 July 1975) showed a maximum tool
1 temperature rise of 29° F at about 1.1 ft/sec. in about 3 minutes. Extrapolation
of these results to 28 ft/sec. and any greater machining times would be exceedingly
tenuous, and not considered vaiid.

TR AP
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: you can see, tool temperature analysis is 2 nearly un-analysable conundrum.

i The solution in large scale mechining operations, where the comsequences of ignition

‘ would be catastrsphic, has been and continuas to be, water floc?ing. Any arror, ’
or uncertainty in analysis, even the cutting into a sub-surface chunk of metal, i
and (as nas happened) the fracture failure of the cutting tool, 1f foryiven by the \
overwhelming heat sink of the water. 5

' Dry machining as a case salvage approach can only be considered safe, at our
‘ present state of knowledge, if (1) there are nc foreign objects in the propellant,
(2) the tool cannot fracture, and (3) it cannot stall or dwell.

Lk L v—;mm e
- .
R

3. Rubbing Contact {No Feed):

. As st.ted earlier, the fundamental question is, what interfacial friction pre.sure

- obtai-s at zero feed? [t js less than the shear strength, and, if contact is

' maintained, greater than zero. An obviously conservative approach is to assu—e

the flux is as determined previousiy for shear-cutting, and evaluate the cumylative

3 effect of successive blade passages. The question then is whether the surface,

: heated by the blade passage, will return to its original temperature before the N
next passage, or if not, what residual AT will remain.

- The interval between blade passages is: -
ty = 80 sec/min. = 0.023 sec. !
13007nin X 2
C-11%
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‘K. B. Reynolds -4~ 9205-81-M080

*~cording to Hikida (op. cit), 90% of the initial surface temperature rise is

.ssipated within 0.002 seccnds, by conduction into the mass of propeliant. His
analysis presumed a perfect insulator on the surface immediately after passage of
the blade. If after 0.023 seconds, only a fractional percentage of the AT remained,
it can be seen that in 2600 passages per minute, the cumulative effect can be

quite significant. How imperfect the assumed insulator is, and how much less than

shear stress is imposed, both make the situation less serious than assumed. The
fan effect of the cutter may even-overcome the heating, but again, it is not
rigorously analysable.

Other evaluations are plausible, i.e., total heat generation, and cumulative effects
as a function of chip, or cut, depth. But they are equully nebulous, due to the
uncertainties outlined above. One can calculate that the total heat generated

Q, is_from 5.to 500 Btu/min. depending on whether there is 0.025 or 2.5 in.2 surface

contact by the cutter.

It is my conclusion that dry machin1ng is a process that must ultimately be
qualified empiricaliy. Even then, I recommend against it because of the potential
for foreign objects remaining undetected and for tool failure. It is only at very
Tow speeds and short cutting durations that one can have confidence that energy
densities and magnitudes are well below the analytically hazardous level.

D. W. Kase
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£
4.5.6 Shear strength. Shear strength shell be determined >
in aceordance with the following.
4.5.6.1 Specimen  fabrication.. Specimens  shall ~ be
fabricated from a NOL ring as 1ollows:
a. Assemble cleaned NOL ring mandrel. If the

mandrel 1is not Teflon-coated, apply suitable
silicone mold release agent such as MS 122. -

" b. USe NOL ring winding apparatus. Set controls
to provide the following: '

(1) A winding tension of 10 + 1 pounds at the
spacer guide ) )

(25 A wrapping rate of 10 to 25 revolutions
per minute (rpm) :

(3) A traverse of the width of the mandrel
within 3 to 5 revolutions of the mandrel.

(4) Shut down after a total of U6 revolutions
have been completed.

C. Place sample ball on tensioner, and unspool
the roving, passing it through the delivery
device onto the mandrel end for ten
revolutions in order to hold the roving in
place under tension before fabricating test
rings. .
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STW4-6279C

Begin winding thy test ring specimens. Wind
46 revolutions, wmaintaining winding tension
from start to end of each Sspecimen
fabrication,

After test specimens are wound, wind a final
tie-off ring (to hold roving under tension
during cure) onto .the end mandrel using 10
roving revolutions., :

After winding, maintain the NOL ring at 75 «+
10 degrees F for 72 + 10 hours before curing,

Wount the mandrel on an oven rotisserie.

With +the +rotisserie turning a uwinimun of 3

rpm, cure the ring at 210 + 10 degrees F for
8.0 +1, -0 hours. 8

Disassemble the mandrel, exposing the wound
ring (with extruded resin) on the central
plate. Trim the ring by machining to the
required outside diameter (6.005 + 0.005
inches). T

procedure.

Using the NOL ring fabricated as specified in
4.,5.6.1, radially cut one section out of the
ring at points on a chord 1/2 1inch.long
intersecting the outside diameter. Mount the
open ring in a specimen-cutting fixture, and
securz ring with clamp. Set fixture to cut
specimens 0.635 + 0.010 inch chord length of
the outside diameter. Discard first segment.

Cut 10 specimens from the ring.

Using a suitable testing machine, stress the
specimen in accordance with ASTM D 2344 at a
crosshead travel rate of 0.05 inch per minute
until failure occurs, Repeat the procedure
for nine additional specimens, and report the
average of ten test resuits and coefficient of
variation.
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d. Monitor thé strain pattern for each specimen
while pérforming the shear strength test.
Shéar failure 13 indicated by the first peak
as indicated by  the curve. Any inercase in
load after the first peak is an indication
that the specimen i{s undergoing compression.

n.5.7 “Tehtsile strength (NOL). " Tensile strength shall be
determined in accordance with the following.

4.5.7.1 Specinen fabrication. Specimens shall be
fabricated and ~cured as described ir U4.5.6.1 except 20
revolutions shall be used. :

4,5.7.2 Test procedure (for Type I material oniy).

a. Using a suitable testing machine, mount the
NOL ring specimen and test per ASTM D 2290,
procedure A, with modifications as indicated
herein,

'NOTE: Fiber termination points in- the ring should be
oriented at 3 o'clock prior to testing.)

b. Repeat the procedure for nine additional
specimens, and report the average of 10 test
results and coefficient of variations.

¢. Calculations:

Calculate  apparent tensile strengtn as
follows:

S =P
R

Where: S fiber tensile strength (psi)

P = maximum load tib)

A = aréa of fiber¥® = 0.0205808
(nominal value)
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4.5.8

burst (Type I

STW4~6279C

% Area of the fiber in the ring is based upon 19
revolutions although the 'ring 1is wound with 20
revolutions. In order to minimize the chance for
the roving to unwind during testing, the part of
the ring with only 19 revolutions (between the
start/stop tabs) shall be oriented at 3 o'clocks

Mcchanical strength (mean hoop fiber strength at
material only)). i .7

NOTE:

" This ‘test will be conducted by Thiokol on one

bottle set per lot.

a. Fabricate three 5.75-inch-diameter bottles per
ASTM D 2585 procedures with modiflcations as
specified -herein-

b. The design of the 5.75-inch bottle shall be as
specified in table VI.
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CODE IDLENT
NO. 07703
TABLE VI. 5:75-INCH BOTTLE DESIGN
Di ameter 5.75: inches
Process Roving impregnatéd with

Burist .mode

Polar & hoop plies
Ends/fnch
‘Rovings/band
Stress ratio
Wafers

Resin percenf
Winding tension
Wind angle (deg)

Cure cycle

resin systen (;ee table I)
ﬁoop

- 2 polar, 2 hoop
37a865*poFar; 40.18 hoop
1 polar ‘& hoop '
0.851 °
None.
30 i 2 polar & hoop
10 pounds polar'& hoop
12.0

8 41, -0 hours at 210 -+ 10
degrees F

c. Test per ASTM D 2585 at 70 + 10 degrees F, and
record maximum pressure achieved (P).
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Calculation:
Calculate the fiber strength as follows:
S = (174.755) P '
Where: IS
P

fiber ‘strength in psi

"

burst pressure in psi

The mean fiber strength from these three
samples, shall be greater than the wvalue
specified in table III. If the coefficient of
variation +1s greater than 3.0 percent, the
test shall be rerun.

4.5.9 Glass transition temperaturz. The glass transition

temperature shall be determined as follows:

§.5.39.1 Specimen preparation,

a.

Using a. Teflon-coatéd.‘Reometrics Dynamic

..Spect) ometer (RDS) with grooves 0.498 + 0.002

fnch wide and approximately 7 inches long,
wind 11 plies of roving with a winding tension
of 10 + 2 pounds.

Wrap the mandrel with one 1layer of green
release c¢loth, and vacuum bag the mandrel
throughout the :cure.

Cure at 210 + 10 degrees F for 8 +1.0 -0.0
hours, .

Rxmove the sample from the mandrel, and sand

off resin flashing, if any is present.

Using an abrasive cut<off wheel, machine off
approximatel'y 1 inch from the end, and cut the
specimen to 2.5 + 0.1 inches long.
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4.5.9.2
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Test proccdure.

a.

Set up a calibrated Rheomctrics Dynamic
Spectrometer with'a 10,000-gram transducer as
follows: :

(1 Mode: Temperature s.ep

(2) Test geomet}y: Rectarigular torsion
(3) Beginning @emperaturé: 40 degregs C
() Last £empera;uren 180 degrees C
(5) Degrees per step; 5 degrees C

(5) ‘Thermal soak time: 1 minute.

(7) Correlative delay: 3 seconds

(8) Strain: 0.5 percént

(9) Frequgncy:-6m28 radians per second

(10)° Plot: G", G¥, Tan delta vs temperature
(11) X axis zero: 40

(12)
(13) Y axis zero: 10 to the 6th power

(5-cycle graph paper) or 10 to the 7th
power (Ud-cycle graph ‘paper)

X axis maximum: 180

(14) Y axis maximum: 10 to the 11th power

(15) Print: G', G", G*, Tan delta, torque,
temperature ) -

(16) Page title: Sample name, date,
laboratory test identification number.
\
Place a normal lcad tenSion of 20 percent upon
the sample upon initial 1loading. After
stagting the test, do not adjust the normal
load.
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4.5.9.3 Test

STW4-6279C

interpretation -and reporting. The glass

follows:

a.
”
E N
r]m b.
F
E
- c.
28
2
5, 3 d.
§
3 i

transition temperature shall be intxhpreted and reported as

Interpret the glass transition temperature
(Tg) from the tan delta and G" versus
temperature plots’ as the intersection of the
tangents to the curve from both sides of the
maximum in the curve.

Using a suraightedge, draw the tangent through
the maximum number of points as _closely
proximate to, but probably not includsng, the
maxima points in the curve.

If there is no maximum in the curve, draw the
lines through the points on both sides of the
first abrupt change in the slope of the curve.

Report Tg tan delta and Tg G" to the nearest

0.5 degree C, and submit a copy of the RDS
data to Thiokol with the test results.
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1.0 INTRODUCTION

The increesing cost of filament wound structures combined with the long
lead time required for new cases has prompted the initiation of a Composite

Case Salvage Study Program.

The program was initiated by AFRPL under Contract F04611-~81-C~0001 on 15
November 198C. The program was divided into four phases. The Phase I effort '
consisted of an assessment of existing technology. Phase II effort consisted
of the develcpment of a cost model and the comparison of the fedeibility and
cost effectiveness of various salvage methods. Phase III, Laboratory Stud-
ies, consisted of testing propellant removal techniques of both: Class 1.l and
Class 1.3 propellants identified in the two previous phases. Phage III also
consisted of determining the‘impact that the removal techniques had on both

insulation systems and case materials.

The results of the Phase I, II, and IIl studies show that the safest,
most cost -effective way -to reclaim composite cases loaded with Class 1.3
propellant 1is to employ hydromining. Wet machining removal was identified as

the safest method of remoVving Class l.l propellant.

During the oral presentation of the Phase III results, AFRPL directed

Thiokol to address, reclamation of MX Stages I, II, III in addition -to
Minuteman III Third Stage motors in the Program Plan, Phase IV.

2.0 OBJECTIVE

The objective of this program is to demonstrate that Class 1.3 propel-

lant can be successfully removed for a Minuteman III Third Stage composite

motor case without compromising the suitability of the case for reloading and
reuse,

The demonstration will be accomplished using 3 Minuteman III Third Stage
motors furnished as -GFM by AFRPL.
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3.0 SCOPE

The program is designed to provide the Reclamation of full scale Com-
posite Cases by removing propellant from the Minuteman III, Third Stage, the
MX Stages I and IIL, and the MX Stage III rocket motors and demonstrating that
they are functional for further use. The program provides information for
removal of Class 1.3 propellant and ‘Class 1.1 propellant from Solid Propel-
lant Motors utilizing ‘Composite Motor cases. The program provides post pro-

pellant removal :processes to-provide & clean; dry, and sound case for further

testing. The crogs-combination program provides for the salvagé of four dis-
tinctly different but related composite rocket motor cases (Table I).

TP PRy
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3.1 RECLAMATION GF CASES WITH CLASS 1.3 PROPELLANTS

3.1.1 Minuteman III Third Stage

! Reclaiming Minuteman III Third Stage fiberglass composite rocket motor
g cases loaded with Class 1.3 propellant will be evaluated with propellant
removal, case clear up and drying, propellant waste disposal, and case test-
ing to verify that the reclaimed case is sound :and functional for further

; processing (see Figure 1). Qualification in a Weapons System is not in-

? cludci. Three motors will be processed. One motor will be hydroburst, one
will be structurally loaded to failure, and the last will be loaded with
propellant and static tested.

3.1.2 MX Stage I and II

The MX Stage I and II Kevlar composite rocket motor cases alsc contain
the Class 1.3 type propellant, and the program will evaluate propellant re-
moval, insulation cleanup, case drying, and propellant waste disposal meth-
ods. The MX Program at the present time is still in the development stage
and the cases are relatively new. Extensive testing to prove the structure
of the reclaimed case would not be required providing ‘the Minuteman IIT Third

Stage case meets all of the zbove testing requirements.

3.2 RECLAMATION OF CASES WITH CLASS 1.1 PROPELLANT

g1 Composite cases that confain explosives Class 1.1 propellant are consid~
" ered to be borderline from the standpoint of cost effective propellant re-

moval and case reclamation methods. Coupling the low cost effective position
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o RECEIVE LOADED CASE
o VISUAL INSEECT
o X~RAY INSULATOR CASE BOND

o INSTALL CASE PROTECTIVE COVERING
AND TOGLING

o HYDROMINE -~ RFMOVE PROPELLANT AND LINER
o DRY CASE

o INSPECT CASE VISUAL/X~RAY BOND FOR
INSULATOR

o HYDROTEST

o DRY CASE (NOT REQUIRED FOR CASE NO. 1)

CASE NO. 2 CASE NO. 1 CASE NO. 3
i v - - - N
INSTRUMENT AND SET UP | 'INSTRUMENT AND SET UP
FOR STRUCTURAL TEST | FoOR HYDROTEST AND =V
HYDROBURST i8]

STRUCTURAL LOAD TEST

foum P |
| S |

HYDROBURST (10 BE DONE

EVALUATE DATA AND 1IN CONJUNCTION WITH
REPORT | CAYE ACCEPTANCE
HYDROTEST ABOVE)
A EVALUATE DATA AND A\ VISUALLY INSPECT CASE
REPORT

()  INSTALL FLAPS

0 Eigi §§§ECURE MOTOR
{0 X-RAY LOADED CASE
[  WEIGH MOTOR

t] ASSEMBLE MOTOR FOR

STATIC TEST

0 FINAL INSPECTION
AND BUY~OFF

) TRANSPORT TO AIR FORCE
TEST FACILITY

fl  STATIC TEST

) RETURN TO TC FOR
[ POSTFIRE ,ANALYSIS

A EVALUATE DATA AND REPORT
Figure 1. Minuteman Stage III Case Reclamation Flow Sheet
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with high hazard material handling provides a reclamatilon concept of low
value. However, costs are not always the driving parameter when a program

schedule has to be met. Therefore, the MX Stage IIL containing Class 1.1
propellant will be evaluated.

' 3.2.1 MX Stage III

The MX Stage III wotor is loaded with a crosslinked, doubled based pro-
pellant that contains both HMX and NG. Since an inprocess loss is always
considered in a program, it could become necessary to reclaim an MX Stage III
case to meet schedule requirements. The program will provide the propzllant
removal, propellant waste handling, case cleaning and drying process, and the

testing sequence for further use in a program.
3.3 PROGRAM MASTER SCHEDULE

The program schedule (Figure 2) depicts an orderly outline of the effort
required to demonstrate the reclamation and testing of three Minuteman III
Third Stage motor cases. The program is divided into three phases:

Phase I - Motor Washout and Acceptance Testing

Phase II - Reclaimed Case Verification Testing
Phase III - Motor Fabrication and Test

Total program length is 20 months, with 16 months of reclamation, fab-
rication, testing, and evaluation followed by four months to finalize the
final repert. During the Phase I motor washout and acceptance testing, the
reclaimed case configuration will be established by Engineering. Reclamation
process standards will also be prepared by Engineering. This will establish
the critical process limits such as water pressures, temperature, dwell
times, etc., for the hydromining operation. Tooling required to protect the
case dvring hydromining will be designed and fabricated.

The manufacturing and inspection planning will be formalized for the
following:
l Motor Receipt
Z. 1In-Process Handling
3. Pre-Test Inspent
4. Hydromining Processing
5. Post Washout Operations and Inspection
6., Hydrotest
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The three Third Stage motors will be required by the third month of the
program. Pre-test inspection, including X-ray of the insulator to case bond,
will be accomplished prior to hydromining. Preparation for propellant hydro-
mining, hydromining, post-hydromining cleanup, and drying will be accom~

T

plished in accordance with the engineering requirements and manufacturing
processes previously established. This will be followed by case inspection
including X-ray and nondestructive hydrotesting in accordance with estab-
lished Third Stage procedures. This Phase I effort is estimated to cover six
months to reclaim the three cases. Structural verification testing is plan-

ned for two of the cases from Phase I under the Phase II portion of the pro-

gram. A test configuration will be established, and two test plans and in-
strumentation drawings will be prepared by Engineering for the case to be
hydroburst and the second to be subjected to structural testing. Acceptable

limits will be establighed from data on file from new case testing accomp-

lished during Minuteman III Third Stage motor development and production
testing. Tooling planning will identify available tooling stored by the Air
Force from the Minuteman III Third Stage program for cleanup and use under
this phase. Additional tooling required will be designed and. fabricated.

Detail test planning will be prepared for instrumentation, test setup,

test, and post-test evaluation based upon the engineering requirements estab-
lished. Hydroburst of the first motor is planned for the sixth month fol-

lowed by structural testing of the second motor in the eighth month as shown.

Phase III effort consists of loading the third reclaimed case, assembly
of the motor to the configuration to be established, and shipping the ac-
cepted motor to the Air Force for static test. Engineering will be released

to define the test motor configuration including bills of material, drawings,
specifications, and test plans including post-test requirements. A procure-
ment plan will be released to authorize purchase of flap material, propel-
lant, and liner materials, stc., for standardization and motor requirements
as established by Engineering. Lead time on the propellant materials is
estimated at seven and a half months as shown.

it 18 assumed that the subsystems required for motor testing such as the
SéA igniter assembly, nozzle assembly, and AOTTS, LITVC roll control assem~
blies, 1f required, will be furnished GFP from Air Force inventory. Costs of

D-11
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these items would be prohibitive for subcontractor start-up and fabrica-
-‘tion for one unit.

Manufacturing an& quality planning used in the Third Stage production
program will be used in preparing the planning for this motor in accordance
with the engineering requivements. It is assumed that Thir® Stage production
tooling currently being stored by the Air Force will be available for use on !
this program.

The GFP items identified for motor assembly will be required by the
seventh month of the program. Motor fabrication is estimated to cover five
monthe with review and acceptance by the Air Force prior to shipment during
the l4th month and test in the 15th month. The motor will be returned to
i Thiokol after test for post-test evaluation and analysis.

Monthly progress and cost performance reports will be submitted as shown
through the program duration. Three sets of design configuration and test

plan submittals are planned as shown. The Phase I requirements will be sub-

mitted in the third month followed by the Phase II in the fourth month and

Phase III in the fifth month as shown. A review of each phése will be pre-
sented at the completion of each phase in the 8th, 10th and 17th months,
respectively. A rough draft of the final report will be submitted: for AFRPL
comments and approval pricr to release of the final report in the 20th
month.

:: X A separate schedule for reclamatjion of a case from an MX motor is not

included. A review of the necessary requirements planned for reclaiming an
1 MX First or Second Stage motor would indicate that the time involved for one
4; i motor of either stage would fall in line with the six month time span shown
l
|
i
!

for the reclamation of three Minuteman motors as shown in Phase I.

A requirement for separate facilities, tooling, and processing approach '

for an MX Third Stage motor containing Class 1.l propellant precludes re-

é alistic scheduiing without considerable more planning thau is available as a

result of the current program.
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4.0 WORK TO BE ACCOMPLISHED

This overall program task provides in detail the methods of propellant
removal, insulation clean up and case drying, waste disposal, and testing

required to reclaim a composite case for program use. The criteria for com-
posite case salvage is shown in Table II.

4,1 RECLAIM CASES LOADED WITH CLASS 1.3 PROPELLANT

Rocket motor composite cases loaded with Class 1.3 propellant include
the Minuteman III Third Stage and MX Stage I and Il systems. Each represents
a Weapons System that is deployed or in development. The studies conducted
in the case composite procedure development program have shown that methods
for reclaiming each are feasible and cost effective.

4.1.1 Comparison of Minuteman .III Third Stage and MX Stages I and 11

For all situations, the Minuteman III Third Stage and MX Stage I and II
are very similar inasmuch as the propellants contain approximately 70% am-
monium perchlorate. The binder system in the Minuteman Third Stage motor is
a carboxyl terminated polybutadiene (CTPB) while the MX Stage I and Il bind-
ers are hydroxyl terminated polybutadiene systems (HTPB). Both propellants
are effectively hydromined, as shown in the Case Salvage Procedures Develop-
ment Program. Cutting rates on both Minuteman and MX are comparatively high.
The Minuteman composite case is fiberglass whereas the MX cases are Kevlar
fibers. Both cases contain materials that are compatible with the hydromin-
ing process as long as the internal insulator is left intact, and both need

to be cleaned and dried to recover their initial physical properties. The
larger size and high cost of the MX cases make them very cost effective for
salvage with the salvage operaticn costing about one tenth the original cost
of the compcosite case whereas with Minuteman Third Stage the fabrication is

much closer to the cost of salvage operation,
4.1.2 Method of Propellant Removal

The hydromining facility at the Wasatch Division will be used to remove
propellant from either MX Stage ¥ and II or Minuteman II1 Third Stage rocket
motors. The motors will be mounced in position on a track in the hydromining
facility and the nozzle holding tocls positioned for each size of motor (see
Figure 3). The operation will be conducted by using 3,000 psi water at 150°F,

D-13
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TABLE II

SELECTION CRITERIA FOR SALVAGING

Parameter
Safety, Péraonnel,
Facilities

Cost

Effect on Case
and Insulation
Structural Integrity

Effect on Case
Reloadability

Disposal of Waste
Products

Limiting Factors — Drivers

No risk to personnel injury is allowed.
Risk to a 10 probability level
(hazardous- analysis)

To the limit of fabrication

Fabrication Cost > Salvage Costs

(May include (To include

facility cost additional facilities
for fabrication  and qualifications
where required.) where required.)

Case structural integrity will not fall
below original design required margin
of safety.

The insulated case will be capable of
being processed through propellant
loading methods.

Cost, personnel hazards, and acceptzblz
‘requirements must be waintained.

D-14
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Several passes through the motors will be made to remove the bulk of pro-

\

- Voo. “
<o o ey > st e e

pellant and will leave approximately 1 in. of propellant on the insulator,

"
~ .
™

wherein the pressure will be adjusted downward to approximately 2,000 psi and
the water temperature adjusted to 180°F. The angle of cut will be changed to
3 45 deg with respect to the insulator surface. The insulator will be washed

:k clean with this system based on data from Phase III of Composite Case Recla- "
I mation Procedure study. After the propellant has been removed, the insulator
surface will be examined for residue and the case and rubber system dried for R
- further processing. huring propellant removal, fiberglass or Kevlar compos-—
ites and metal parts will be protected from water by providing special tool-

ing and using waterproof plastic films to cover the external surfaces of the

2l

;o

motor,

Y

4,1,3 Waste Propellant Disposal

i
|
;; i During hydromining of propellant, the sludge from the propellant will be
{ i ' analyzed for ammonium perchlorate (AP) content; and, when it is below 5% AP,
! it will be removed to the sludge disposal areas. The water system is main-
$ tained at 150°F to pr "‘de a high AP dissolution as well as to enhance the
cutting operation. The AP solution will then be recycled to the crystalliza-
tion areas in the newly fabricated 100 1b per hour propellant-AP recycling
facility where the AP will be crystallized and packaged for the AP salvage
market. An alternate to the above mentioned reclaiming the AP is to put the

solution in a solar pond.

4.1.4 Case Preparation

The composite cases, be they Kevlar for MX or fiberglass for Minuteman,
will be further examined for complete propellant and liner removal. In those
areas where liner (propellant bonding media) is still present, the rubber
insulator will be buffed to provide a clean surface for future bonding and Y
lining applications. The stress related flap remnants will be removed and
the flap bonding area buffed in preparation for new flap insulation. The A
cases at this point will be readied for the dry out process and dried for 48 |

hours at 135°F, after which the case will be hydrotested and ready for hydio-
burst, structural load testing, or propellant loading and static testing.

4.1,5 Testing Requirements to Demonstrate the Functional Use of Reclaimed
Composite Cases for Program Use

D-16
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4.1,5.1 Minuteman III Third Stage

Three Third Stage Minuteman cases will be salvaged by hydromining the
propellant as described previously for use in the demonstration test phase of
the program. Two case structural tests will be performed to demonstrate

structural integrity of the salvaged cases; one case will be hydroburat; one
will be subjected to a flight load test; and one will be loaded with propel-

lant and static fired.
4.1.,5.1.1 Hydroburst Test

One Minuteman Third Stage case will undergo a hydroburst test in accord-

ance with Test Plan TPIII-020 after the normal hydroproof test required for
production cases. The test arrangement is shown in Figure 4,

4.1.5.1.2 Structural Test

One salvaged Minuteman case will be structurally tested in accordance
with TWR-4489, Test Plan for Flight Loads of Third Stage Minuteman Case. The
structural test arrangement is shown in Figure 5.

4,1.5.1.3 Motor Static Test

The third case will be loaded with ANB-3066 propellant after successful-
ly passing the hydroproof test. The motor will be assembled to the 1147372-
91 Rocket Motor Final Configuration and tested in accordance with TWR-4269,
General Test Plan Third Stage Minuteman III Production Quality Assurance

(PQA), at Arnold Engineering Development Center (AEDC), Tullahoma, Ten-
nessee,

4.1.5.2 MX Stage I and II

In the event a MX composite case requires salveging, the hydromined case
would be carefully inspected for case fiber damage and 1ntérnal insulation
damage. Any internal insulation ¢amage would be repaired using standard
repair procedures. A second hydroproof would not -be performed in -the event

of case fiber damage unless dictated by Material review action.

4.1.6- Facilities

Thiokol/Wasatch has a complete facility capable of the reclamation of

composite cases. Some Minuteman III Third Stage motors have been processed

D-17
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through the hydromining facility. Work done by Thiokol to analyze the
feasibility and costs for a planned Minuteman III Third Stage Retrofit
Program has verified these facilities. Only minor tvoling is required to
adapt the MX Stages I and II to the reclamation process. Building M-115
(Figure 4) is currently being used to clean up insulator systems on retrieved
Space Shuttle SRMs., A Kevlar case was reclaimed from a -C-4 Trident rocket
motor. This motor was successfully processed through the facility and
subsequently loaded with inert propellant. This past history demonstrates a
capability of handling and protecting Kevlar composite systems.
Thiokol/Wasatch has proven methods for the disposal of hazardous waste at
present and meets all EPA requirements as a licensed hazardous .waste handler
and disposal site. We are currently constructing a 100 1b per hour

propellant reclamation facility to salvage AP from Class 1.3 propellants.
4,2 RECLAIMING COMPOSITE CASES LOADED WITH CLASS 1.1 PROPELLANT
4.2,1 Review Cost Trade Off Analysis

The cost analysis conducted in Phase II of the Composite Case Salvage
Procedures Program indicates that Minuteman II Third Stage reclamation costs
exceed the cost of fabricating a new case. It is proposed to finalize cost
analysis on Minuteman II Third Stage and demonstrate total cost trade off
packaging to verify the past cost analysis and trade offs. No further work
would be done, The prog;am cost analysis does indicate that.the higher cost
Kevlar cases could possibly be cost effective to reclaim the composite cases.
A cost trade off analysis will.bé finalized for MX Stage III from the view-

point of case gélvagg vs-'case fabrication.

4.2.2 Salvage Hazards Review

The Safety Hazards data is complete in the situation where one considers
case salvage of Minuteman II Third Stage systems. At Sheffield, England, an
incident occurred whilé hydromining double based propeilant, and the hazards
analyses verify that the double based propellant is a high risk. On the MX
Stage IL1 motor system a hazards analysis will be completed and a trade off
made to use hydromining or machining to remove propellant from the Kevlar

case.
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4,2.,3 Propellant Removal Mechods

The propellant removal methods can be hydromining or machining. The

major difference between hydromining of Class 1.1 and Class 1.3 propellant is

the type of facility to be used. Since there is a higher risk in Tlass 1.1

propellant removal by hydromining, a small, temporary and expendable facility
would be required for this approach. With this being the only major differ—

ence, one can use the logic from previous sections for hydromining Class 1.3

propellant. The propellant removal method most attractive to remove the

Class 1.l propellant from the MX Stage III case based on these studies is

machining. At completion of the safety and cost snalysis, machine cutting
tools similar to those defined in Phase III of the Composite Case Salvage

Process Program would be fabricated and set up in a remote and expendable

facility wherein the propellant would be cut trom the case. After the bulk

of the propellant is removed to lees than 1 in. thickness, hydromining tech-

niques would be required to remove the remainder of the propellant from the

insulation.

4.,2.4 Waste Propellant Disposal

The waste propellant would be collected in large containers and moved to

the disposal area. The nitroglycerin contaminated water would be treated

with hydroxyl to render it safe to handle. The waste disposal ponds for

collecting the propellant waste water and propellant sludge would be dried

using solar evaporation, after which they would be burned to render them

safe.

4,2,5 Insulation Cleanup

The MX Stage 1II case, after propellant removal, would be moved to an
area where the remaining powder embedment lining system, the epoxy binder,
could be removed from the insulator. Where powder embedment is still bonded
to the system, water buffing can be used to clean the rubber, after which the
case would be dried and the remaining rubber buffed and cleaned. The stress
release flap remnant would be removed and bonding areas buffed. At this
point the case would be inspected to the original design drawings. After the
insulation is cleaned and processed to the stress release flap installatiom,
the case would be dried for 48 hours at 135°F.
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4.2.6 Facllities for Class l.1 Propellant Removal

As described earlier in the propellant removal methods, the facilities |
required for removal of Class 1.1 propellant for a composite case would
include a temporary structure where the structure, the tooling, and -the hold-
down stands are all Femqtely operational and expendable. Special designs and W
constructions would be made. The propellant removal facility would be some- I
thing like a specially prepared Dempsey Dumpster where, as it is filled it . ‘
would be removed to the solar ponds for evaporation and open air burning. ) X |
The high pressure water pumps for cleanup of the insulator would be located

remote to the actual operation. Control bunkers would be set up to protect

pecsonnel,

At the present time there are no facilities in the: industry to -accomp-

lish Class L.1 propellant removal techniques.
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